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ABSTRACr 


McDonnell Douglas Astronautics Company - Western Division 
(MDAC-WD) Report No. SM-46978A, S-IVB-205 Stage Flight Test 
Plan documents the MDAC-WD requirements and responsibilities 
relative to the S-IVB-205 stage of the Saturn IB vehicle 
AS-205/CSM-101 flight test that will be conducted by 
National Aeronautics and Space Administration (NASA) at 
the Kennedy Space Center. The test plan defines the 
MDAC-WD support activities and reports required under 
NASA Contract NAS 7-101. 


DESCRIPTORS 


AS— 205/CSM-101 mission 
S-IVB-205 stage mission 
configuration 


sequence of events 
mass characteristics 
predicted flight performance 
J-2 engine 
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PREFACE 

The purpose of this report is to provide a flight test plan 
for the Saturn S-IVB-205 stage. In general, it provides 
information and direction to McDonnell Douglas Astronautics 
Company - Western Division personnel at Huntington Beach, 
Florida Test Center, and Marshall Space Flight Center. 

Included in this report are detailed descriptions of the 
following: AS-205/CSM-101 mission and objectives, S-IVB-205 

stage objectives and configuration, launch mission rules, 
flight sequence of events, mass characteristics, and pro- 
pulsion system performance predictions. 

This report was prepared under National Aeronautics and 
Space Administration Contract NAS7-101, and issued in 
accordance with the contractual requirements of NAS7-101 
Contract Data Requirements, Saturn S-IVB Stage and GSE , 
MSFC-DRL-021, dated 1 February 1968. 


PREFACE TO FIRST REVISION 
Dated September 1968 

This report contains the second issue of MDAC-WD Report 
No. SM-46978, S-IVB-205 Stage Flight Test Plan and completely 
supercedes the original report, dated 18 November 1966. 


September 1968 



MEGEDjSGjPAGE BLANK NOT FILMED. 

T-ABLE OF CONTENTS- 

Section Page 

1. INTRODUCTION 1-1 

1.1 General . . . 1-1 

1.2 Background 1-1 

2. MISSION 2-1 

2.1 Mission Objectives . .' 2-1 

2.2 Mission 'Description 2-2 

3. STAGE OBJECTIVES . , , 3-1 

3.1 Airframe Structural Integrity .... 3-1 

3.2 Main Propulsion System . . 3-1 

3.3 Orbital Safing 3-5 

3.4 Auxiliary Propulsion System 3-5 

3.5 Ullage Rockets 3-5 

3.6 Retrorockets 3-6 

3.7 Hydraulic ■ 3-6 

3.8 Flight Control System 3-6 

3.9 Stage Separation ■ 3-7 

3.10 Data Acquisition System 3-8 

3.11 Electrical Control System 3-9 

3.12 Propellant Utilization 3-9 

3.13 Range Safety System 3-10 

3.14 Stage Aerodynamics and Thermodynamics 3-11 

3.15 Vibration Environment 3-11 

3.16 Ordinance System 3-H 

3.17 Environmental Control System 3-12 

3.18 Stage Sequence of Events 3-12 

4. STAGE CONFIGURATION 4-1 

4.1 S-IVB-205 Stage 4-1 

4.2 Stage Configuration Differences 4-1 

5. LAUNCH MISSION RULES AND REDLINES 5-1 

5.1 Launch Mission Rules 5-1 

5 . 2 Bluelines and Backup Redlines 5-6 


September 1968 



TABLE OF CONTENTS (Continued) 


Section 


6 . 


FLIGHT TEST MANAGEMENT 

6.1 Flight Test Responsibilities 

6.2 Postflight Communication 

6.3 Documentation 


Page 


6-1 

y. 

6-2 ^ 
6-2 


APPENDICES 


Appendix- 

1. SEQUENCE OF EVENTS AP 1-1 

2. MASS CHARACTERISTICS DATA (WSll) AP 2-1 

3. PREDICTED FLIGHT TRAJECTORY AP 3-1 

4. TELEMETRY LOOK ANGLES AP 4-1 

5. PREDICTED PROPULSION SYSTEM PERFORMANCE ....... AP 5-1 

6. PROPELLANT UTILIZATION DATA AP 6-1 

7. PREDICTED SEPARATION AND CONTROL PERFORMANCE . . . .' AP 7-1 

7.1 Predicted Control System Transient 

Simulation AP 7-1 

7.2 Predicted Stage Separation AP 7-1 

8. ADDITIONAL PREDICTED PERFORMANCE DATA AP 8-1 

9. RADIO FREQUENCY ALLOCATION AP 9-1 

10. GLOSSARY AND ABBREVIATIONS AP 10-1 

11. REFERENCES AP 11-1 ’ 

DISTRIBUTION LIST 


viii 


' September 1968 



Table 

2-1 

2-2 

2-3' 

2-4 

2-5 

2-6 

5-1 

5-2 

5-3 

5-4 

5-5 

5-6 

5- 7 

6 - 1 

6-2 

6-3 

AP 1-1 
AP 2-1 
AP 2-2 
AP 2-3 

AP 3-1 

AP 3-2 

AP 3-3 
AP 3-4 


■LIST OF. TABLES 


Predicted S-IVB-205 Flight Mass Summary 

Predicted AS-205 Flight Conditions at 

Maximum Dynamic Pressure 

Predicted AS-205 Trajectory Conditions at 
S-IB/S-IVB Physical Separation 

Predicted AS-205/CSM-101 Trajectory Conditions 
at S-IB Guidance Cutoff 

Predicted AS-205/CSM-101 Trajectory Conditions 
at Orbit Insertion 

Predicted AS-205/CSM-101 Orbit Conditions 

Mission Rules Guidelines 

General Launch Rules 

AS— 205 Countdown Observer Redlines 

Helium Bottle Pressure Decay Redlines 

S-IVB-205 Critical Flight Control Measurements . . . 

S-IVB-205 Blueline Requirements 

Redline Backup Information S-IVB-205 Stage 

Tentative AS-205 Flight Evaluation Meeting 
Schedule 

Evaluation and Documentation Schedule for 
S-IVB-205 Stage Flight Evaluation Report 

S-IVB-205 Stage Flight Evaluation Report 

Outline 

Predicted AS-205 Flight Sequence of Events 

S-IVB-205 Predicted Mass Breakdown Summary 

S-IVB-205 Mass Characteristics Summary 

Definitions for Mass Characteristics Computer 
Program WSll Printouts 

Predicted S-IB-205 Stage Powered Flight 

Trajectory 

Predicted S-IVB-205 Stage Powered Flight 
Trajectory 

Predicted S-IVB-205 Stage Orbital Trajectory . . , . 

Symbol Definition for S-IB/S-IVB Stage Trajectory 
and Radar Parameters Computer Programs AB77, 

AC77, and AB79 


Page 


2-6 


2-7 


2-8 


2-9 


L 


2-10 
2-11 
5-8“ 
5-10 
5-11 
5-17 ( 

5-18 
5-21 

5- 24 

6 - 6 


6-7 3 


6-8 

AP 1-2 
AP 2-3 
AP 2-9 

AP 2-12 

AP 3-2 

AP 3-17 
AP 3-30 

AP 3-34 


September 1968 


ix 



LIST OF TABLES (Continued) 


Table Page 

AP 3-5 List of Coordinate Subscript Definitions AP 3-45 

AP 4-1 Orbital Telemetry Summary AP 4-2 

AP 4-2 AS-205 Telemetry Coverage of Significant Events ... AP 4-4 

AP 5-1 Predicted AS-205 Propulsion System Performance 

Parameters AP 5-2 

AP 5-2 Predicted S-IVB Propulsion System Performance 

Computer Program AA89 AP 5-4 

AP 5-3 Definition of Symbols used with Computer 

Program AA89 AP 5-29 

AP 5-4 AS-205 Variable Tag Values AP 5-32 

AP 6-1 Propellant Loading Requirements Summary AP 6-3 

AP 6-2 Propellant Utilization Calibration Data AP 6-5 

AP 6-3 Estimated PU Analysis Accuracies AP 6-8 

AP 6-4 Accuracy of Determining Propellant Residuals .... AP 6-9 

AP 6-5 Saturn S-IVB-205 Volume Versus Height LOX 

Tank - Ground Loading Condition AP 6-10 

AP 6-6 Saturn S-IVB-205 Volume Versus Height LH2 

Tank - Ground Loading Condition AP 6-12 

AP 10-1 Glossary and Abbreviations AP 10-1 

LIST OF ILLUSTRATIONS - 

Figure 

1- 1 S-IVB-205 Stage Checkout and Test History 1-3 

2- 1 SA-205 Vehicle Configuration 2-12 

2-2 AS— 205 Trajectory Ground Trace 2-13 

2-3 Predicted Trajectory, S-IB Powered Flight, 

Dynamic Pressure and Mach Number 2-14 

2-4 Predicted Trajectory, S-IB Powered Flight, 

Altitude ’and Surface Range 2-15 

2-5 Predicted Trajectory, S-IB Powered Flight, 

Inertial and Earth Fixed Velocity 2-16 

September 1968 


X 



LIST OF ILLUSTRATIONS (Continued) 


Figure Page 

2-6 Predicted Trajectory, S-IB Powered Flight, 

Cross Range Velocity and Position 2-17 

2-7 Predicted Trajectory, S-IB Powered Flight, 

Inertial Flight Path Angle 2-18 

2-8 Predicted Trajectory, S-IB Powered Flight, 

Axial Acceleration 2-19 

2-9 Predicted Trajectory, S-lB Powered Flight, 

Altitude and Range 2-20 

2-10 Predicted Trajectory, S-IVB Powered Flight, 

Cross Range Position and Velocity 2-21 

2-11 Predicted Trajectory, S-IVB Powered Flight, 

Earth Fixed Velocity and Inertial Velocity 2-22 

2-12 Predicted Trajectory, S-IVB Powered Plight, 

Inertial Elevation Angle and Inertial 

Azimuth Angle 2-23 

2-13 Predicted Trajectory, S— IVB Powered Flight, 

Axial Acceleration 2-24 

2-14 Predicted Trajectory, S-IVB Powered Flight, 

Commanded Pitch Angle ..... 2-25 

2-15 Predicted Trajectory, S— IVB Powered Flight, 

Commanded Yaw Angle 2-26 

2-16 Predicted Trajectory, S-IVB Powered Flight, 

Pitch, Yaw, and Roll Euler Angles 2-27 

2-17 S-IVB-205 Orbital Maneuvers 2-28 

4-1 S-IVB-205 Stage Cutaway 4-4 

4-2 Propulsion System Configuration and 

Instrumentation 4-5 

4- 3 Data Acquisition System 4-6 

5- 1 Fuel Liftoff Box (S-IVB-205 and Subs) 5-39 

5-2 Hydraulic Reservoir Level Critical Limits 5-40 

5-3 GH2 Start Bottle Liftoff Box 5-41 

5-4 Fuel Liftoff Box - Backup (S-IVB-205 and Subs) . . . 5-42 

5-5 GH2 Start Bottle Liftoff Box (Backup) 

(S-IVB/IB Vehicles) 5-43 

5-6 AS-205 Cold Helium' Leak Check Test 5-44 

5-7 AS-205 Cold. Helium Leak Check Criteria 5-45 


September 1968 

xl 



LIST OF ILLUSTRATIONS (Continued) 


Figure Page 

5-8 S-IVB-205 Ambient Helium Control Bottle 

(J-2 Engine) Leak Check Criteria 5-46 

5-9 S-IVB-205 APS Helium Bottles Leak Check 

Criteria 5-47 

5- 10 S-IVB-205 Stage Pneumatic Helium Leakage Criteria . . 5-48 

6- 1 Data Flow Chart 6-10 

AP 2-1 S-IVB-205 Stage Station Numbers AP 2-15 

AP 2-2 S-IVB-205 Stage Mass and Center of Gravity AP 2-16 

AP 2-3 S-IVB-205 Stage Mass Moment of Inertia AP 2-17 

AP 2-4 Second Flight Stage Vehicle Mass During 

S-IVB Bum AP 2-18 

AP 2-5 Second Flight Stage Vehicle Horizontal Center 

of Gravity During S-IVB Bum AP 2-19 

AP 2-6 Second Flight Stage Vehicle Roll Moment of 

Inertia During S— IVB Bum AP 2-20 

AP 2-7 Second Flight Stage Vehicle Pitch Moment of 

Inertia During S-IVB Bum AP 2-21 

AP 3-1 Coordinate System, AB21 and AD77 Computer 

Programs AP 3-46 

AP 3-2 Body Fixed Coordinate System Orientation AP 3-47 

AP 4-1 AS-205 Powered Flight Telemetry .Elevation Angles . . AP 4-5 

AP 5-1 LOX and LH2 Pump Inlet Pressure AP'5-33 

AP 5—2 LOX and LH2 Pump Inlet Temperature AP 5-34 

AP 5-3 PO Valve Position AP 5-35 

AP 5-4 LOX and LH2 Pump Speed AP 5—36 

AP 5-5 Thrust Chamber Pressure (Injector) AP 5-37 

AP 5-6 Vacuum Thrust Coefficient (Injector) AP 5-38 

AP 5-7 Engine Thrust AP 5-39 

AP 5-8 LOX and LH2 Flowrate - Pump Inlet AP 5-40 

AP 5-9 Specific Impulse Vs Engine Mixture Ratio AP 5-41 

AP 5-10 Engine Specific Impulse AP 5-42 

AP 5-11 Engine Mixture Ratio AP 5-43 

AP 5-12 Gas Generator LOX and LH2 Flowrate AP 5-44 

AP 5-13 LOX and LH2 Bulk Densities ^ 5-45 

September 1968 


xii 



LIST Qg ILLUSTRATIONS (Continued) 

Figure . Page 

AP 5-14 LOX Mass Onboard AP 5-46 

AP 5-15 LH2 Mass Onboard AP 5-47 

AP 5-16 LOX Mass Overboard AP 5-48 

AP 5-17 LH2 Mass Overboard AP 5-49 

AP 5-18 LH2 Tank GH2 Pressurant .Flowrate AP '5-50 

AP 5-19 LH2 Tank Accumulated GH2 Pressurant AP 5-51 

AP 5-20 LOX Tank Helium Pressurant Flowrate AP 5-52 

AP 5-21 Mass in Cold Helium Spheres AP 5-53 

AP 5-22 Total LOX Boilof f ' AP 5-54 

AP 5-23 Total LH2 Boiloff AP 5-55 

AP 5-24 LOX Tank Ullage Mass . ’ . . . AP 5-56 

AP 5-25 LH2 Tank Ullage Mass AP 5-57 

AP 6-1 Predicted S-IVB-205 Stage LOX Propellant 

Level History AP 6-15 

AP 6-2 ■ Predicted S-IVB-205 Stage LH2 Propellant 

Level History AP 6-16 

AP 6-3 Predicted S-IVB-205 Stage Indicated PU Mass 

Correction Due to Inflight Tank Geometry Change ... AP 6-17 

AP 6-4 Predicted S-IVB-205 Stage PU Mass Sensor 

Correction Due to Center-of-Gravity Offset AP 6-19 

AP 6-5 ' Predicted S-IVB-205 Stage Total Flight Sensor 

Mass Correction as Determined by the Volumetric 

Method AP 6-21 

AP 6-6 Predicted Total Flight Tank-to-Sensor Mismatch 

as Determined by the Flow Integral Method AP 6-23 

AP 6-7 Predicted S-IVB-205 Stage Total Flight Sensor 

Mass as Determined by the Volumetric Nonlinearity 

and Flow Integral Methods AP 6-25 

AP 6-8 APS Oxidizer Loading Requirements AP 6-27 

AP 6-9 APS Fuel Loading Requirements AP 6-28 

AP 7-1 Predicted Pitch Attitude Error During 

Powered Flight AP 7-2 

AP 7-2 Predicted Yaw Attitude Error During 

Powered Flight AP 7-3 

September 1968 ' 


xiii 



LIST OF ILLUSTRATIONS (Continued) 


Figure Page 

AP 7—3 Predicted Pitch and Yaw Body Rates During 

Powered Flight AP 7-4 

AP 7-4- Predicted Pitch and Yaw Actuator Positions 

During Powered Flight AP 7-5 

AP 7-5 LH2 and LOX First Mode Sloshing Frequency 

During Powered Flight AP 7-6 

AP 7-6 AS-205 S-IB/S-IVB Predicted Separation History ... AP 7-7’ 

AP 7-7 AS-205 S-IB/S-IVB Separation Probability of 

Lateral Displacement Exceeding a Specified Value . . AP 7-8 

AP 8-1 Predicted S-IVB-205 Hydraulic Operating Limits . . . AP 8-2 

AP 8-2 Predicted Battery Load Profiles AP 8-3 

AP 8-3 Predicted Battery Temperatures AP 8-5 

AP 8-4 Predicted PU Inverter Voltages AP 8-6 

AP 8-5 Predicted PU Inverter Frequency AP 8-7 

AP 8-6 Predicted PU Assembly Internal Temperature AP 8-7 

AP 8-7 Predicted Envelopes of Composite Vibration 

Levels for S-IVB-205 Engine During Flight AP 8-8 


September 1968 

xiv 



1. INTRODUCTION 


This document delineates the requirements and responsibilities of the 
McDonnell Douglas Astronautics Company - Western Division (MDAC-WD) 
in support of the S-IVB-205 stage flight test. The flight test,- as 
defined in this test plan, will be limited to the S-IVB contribution 
toward the accomplishment of the AS-205 flight mission and the S-IVB 
performance verification as the second stage of the AS-205 space vehicle. 

1.1 General 

This document provides information and direction to MDAC-WD personnel 
comprising the Saturn S-IVB Test Planning and Evaluation Committees at 
MDAC-WD Huntington Beach, California, Florida Test Center (FTC), and the 
liaison team at Marshall Space Flight Center (MSFC) , Huntsville, Alabama. 

Detailed descriptions of the following are included: 

a. Launch Vehicle objectives 

b. S-IVB stage objectives 

c. S-IVB stage configuration 

d. S-IVB stage launch mission rules and redlines 

e. S-IVB stage flight test management 

1 . 2 Background 

The S-IVB-205 stage was assembled at MDAC-WD Huntington Beach, California, 
where production tests of components and systems were accomplished. The 
stage was then transported to MDAC-WD/Sacramento Test Center (STC) , where 
the acceptance firing test program was conducted. This program consisted 
of manual and automatic subsystem checkouts, integrated systems tests, a 
simulated acceptance firing countdown, and an automatic propellant loading 
test. A full duration acceptance firing test followed these preliminary 
tests. The firing demonstrated the adequacy of the S-IVE— 205 stage systems 
to perform at sea level conditions. Postfire checkout included manual leak 
checks, functional tests, and an all systems test (AST) using stage internal 
power (battery simulator) and a simulated instrument unit (lU). A number 
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of modifications were made prior to and after the stage entered an 
extended storage at STC. The stage was then shipped to MDAC-WD/FTC. 

Upon arrival, the S-IVB-205 stage was subjected to post transport 
receiving inspections and was later mated to the assigned aft interstage. 
At the time of launch, the S-IVB-205 stage will also have undergone 
prelaunch stage systems checkouts and integrated launch and space vehicle 
systems tests. (See figure 1-1 for test history of S— IVB— 205.) 
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INSTALLED IN CHECKOUT TOWER NO. 6 . 
iNSTALLATION AND MODIFICATIONS . 

CHECKOUT . 

REMOVE FROM CHECKOUT TOWER NO. 6 . 

SHIP TO STC . 
STC 

ARRIVAL , 
INSTALLED IN BETA III . 
INSTALLATION, MODIFICATIONS 
AND STORAGE . 
PREFiRE CHECKOUT . 
SIMULATED ACCEPTANCE FIRING , 
ACCEPTANCE FIRING 
POSTFIRE CHECKOUT IN BETA III , 
ALL SYSTEMS TEST , 
REMOVE FROM BETA III 
NASA WIRING INSPECTION , 
POST STORAGE CHECKOUT . 

SHIP TO FTC. 
FTC 

ARRIVAL . 
INSTALL IN VAB 
INSTALLATION AND MODIFICATIONS 
INSTALLATION COMPLEX 34 
PRE LAUNCH CHECKOUT 
COUNTDOWN DEMONSTRATION TEST . 
FLIGHT READINESS TEST . 

LAUNCH . 



Figure 1-1. S-IVB-205 Stage Checkout and Test History 



2 . 


MISSION 


The AS-205 is the fifth Saturn IB flight and the first to be manned. 

The basic purpose of the mission is to launch and insert a manned 
block II Apollo spacecraft into a near earth orbit to verify the 
spacecraft/crew operations and systems performance. Figure 2-1 presents 
the launch configuration and figure 2-2 presents the .ground trace. 

2.1 Mission Objectives 

McDonnell Douglas Astronautics Company - Western Division (MDAC-WD) 
considers MSFC Flight Mission Directive for Apollo Saturn IB Missions 
(reference l)*as the official document for providing necessary launch 
vehicle mission requirements. The Apollo Flight Mission Assignments 
document (reference 2) and the Program Support Requirements document 
(reference 3) also define mission objectives and can be referred to for 
supplemental information. 

The mission directive states that a Primary Objective is a statement of 
the primary purpose of the flight (Note; The primary objectives are 
defined and controlled by OMSF FMAD) . The mission directive gives the 
primary objectives as: 

a. Demonstrate CSM/crew performance 

b. Demonstrate crew/space vehicle /miss ion support facilities 
, performance during a manned GSM mission 

c. Demonstrate CSM rendezvous capability. 

A Mandatory Detailed Test Objective, as defined in the mission directive, 
is a principle detailed test objective which must be satisfactorily com- 
pleted on the assigned mission. Failure to do so would unduly compromise 
subsequent flight schedules and/or require subsequent space vehicle 
reconfiguration. There are no launch vehicle mandatory detailed ob- 
jectives according to the mission directive. 

Principle Detailed Objective, as defined ini the mission directive, is ,a 
detailed test objective, which must be accomplished prior tO’ the lunar 
landing mission. Any principle detailed test objective not satisfactorily 
completed on the assigned mission can be attempted on a subsequent 
mission without major impact. The launch vehicle principle detailed 
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objectives, which are listed in the mission directive, are as follows: 

a. Demonstrate the adequacy of the launch vehicle attitude control 
system for orbital operation 

b. Demonstrate S— IVB orbital safing capability 

c. Evaluate S-IVB J~2 engine ASI line modification. 

The mission directive defines a Secondary Detailed Test Objective as a 
detailed test objective which would provide significant data or experience 
but which is not a prerequisite to the lunar landing mission. The launch 
vehicle secondary detailed test objectives, which are listed in the 
mission directive, are as follows: 

a. Evaluate the S-IVB/IU orbital coast lifetime capability 

b. Demonstrate GSM manual launch vehicle orbital attitude control. 

2.2 Mission Description 

2.2.1 Launch Phase 

2.2. 1.1 S-IB Flight 

The S-IB flight of the launch vehicle trajectory is initiated at first 
motion, which nominally occurs 5.0 sec after Guidance Reference Release 
(GRR) . The time of umbilical disconnect establishes time base one (TBl) 
which nominally occurs 0.2 sec after first motion. 

The AS-205/CSM-101 vehicle will be launched from Kennedy Spacecraft 

l&O 

Center launch complex 34 on a deg launch azimuth. A pitch and roll 
maneuver will then be initiated at 10.2 sec from first motion to achieve 
the proper vehicle orientation for a 72 deg flight azimuth. 

Table 2-1 is a summary of the flight mass summary presented in appendix 2. 
Maximum dynamic pressure (Max Q) is predicted to occur at 75-0 sec from 
first motion; the predicted flight conditions at that time are presented 
in table 2-2. At 134.5 sec from first motion a tilt arrest mode is 
initiated to freeze vehicle attitude. The S-IB propellant depletion 
level sensors are actuated at 136.9 sec from first motion, initiating 
time base two (TB2). When the depletion sensors indicate a dry tank, 
the Inboard engines are cutoff. This nominally occurs at 140.1 sec 
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SECTION 2 


MISSION 


in height or flatness of the chip, or the use of devices 
from different manufacturers in the same hybrid circuit. 
The face of the bonding transducer's tip must be paral- 
lel to tlie chip face. Otherwise the bond v?ill be made 
by one edge of the tip, rather than tlie entire face. 

This makes the bond area smaller and the concentration 
of bonding pressure can thin the wire eiccessively and 
may damage or fracture the chip surface. It has been 
found tiiat the ultrasonic vibration during bonding de- 
graded some devices. A type 2W2432 transistor appli- 
cation v;here low leakage current requirements existed 
(2 nano-amperes) had 3 out of. 4 failures after bonding 
[Ref. 20], 


C. Soldering 

Several soldering methods are being used for joining 

in microelectronics. 

1. SLT (Solid Logic Technology) . Employed by IBM, 
this method, uses glass-sealed chips and solder- 
coated copper balls or solder alone. The joint- 
is "made" by reflowing the solder with the device 
face down on the substrate in position. IBM 
tests suggest that the method is as reliable as 
the conventional wire bonding. 

2 . Microsoldering can bon'd relatively large leads , 
rdio''" to . 0,30" when employing cased ininiature 
parts in a microcircuit. Many' of the limitations 
of manual soldering can be overcome by dynamically- 

■ controlled resistance soldering and reflow methods. 

But soldering cannot be used to bond thin gold leads 

.002" to .010" in diajneter because molten solder dissolves 
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from first. motion, and outboard, engines .are .programmed to cutoff 3 sec 
later. Outboard engine cutpff initiates, time b'ase three (TB3) . 

S-IVB/S-IB physical separation- occurs at 'approximately 144,49 sec after 
first motion. Table 2-3 presents predicted trajectory conditions at 
separation. Figures 2-3 through 2-8 show the. predicted .time histories 
of certain trajectory parameters during S-IB powered flight. 

2. .2. 1.2 S-IVB Stage Flight . ’ - 

After S-IB/S-IVB separation retrorockets force the S-IB stage away from 
the S-IVB/ spacecraft, and ullage rockets are fired to ensure that S-IVB 
propellants are settled. Engine Start Command (ESC) will nominally 
occur at 145.8 sec from first motion, initiating a one sec fuel lead and 
subsequent thrust buildup. Ninety percent thrust will be attained at 
149.4 sec from first motion. 

Vehicle attitude remains frozen from S-IB tilt arrest until the 
Iterative Guidance Mode (IGM) is initiated at 25 sec after TB3, or 
nominally at 168.11 sec from first motion. At this time guidance 
commands in pitch. and yaw are issued to obtain a close approximation to 
an optimal path (that which requires the least propellant consumption) 
to achieve the desired end conditions of attitude and velocity magnitude 
and direction. S-IVB-205 will be flown with an open-loop propellant 
utilization system, with the engine mixture ratio (EMR) shift. from 5.5 
to 4.5 programmed to occur at 308.6 sec from 'Engine Start Command. 
Guidance will be staged (i.e., guidance constants changed) nominally 
0.2 sec later and will go into an artificial tau mode for 35 sec. At 
approximately 589.5 sec from first motion, the chi tilde mode is 
initiated, at which time the IGM switches from a guidance compute 
Interval of 1.5 sec to 1.25“ sec, and the equations are changed such 
that only the final velocity magnitude and' direction constraints are 
considered. At 5.0 sec before S-IVB' cutoff the guidance commands are 
frozen (chi freeze) and are held constant through the cutoff transient. 
Predicted J-2 Engine Cutoff Command is 614.5 sec after liftoff. 

Appendix 3 shows a tabulation of the predicted S-IVB flight trajectory. 
Tables 2-4 and 2-5 present predicted trajectory conditions at Guidance 
Cutoff Command (GCC)' and orbit insertion, respectively. Figures 2-9 
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through 2-17 show predicted time histories of selected trajectory and 
guidance parameters during S-IVB powered flight. - 

2.2.2 Orbital Phase 

- l 

2. 2. 2.1 S-IVB Orbital Saflng Operation 

Approximately one day after orbital insertion, the command service 
module (CSM) will rendezvous with the spent S-IVB/IU/SLA to demonstrate 
the CSM active rendezvous capability for subsequent Apollo missions in 
which .a CSM rescue capability may be required. Prior to rendezvous, the 
S-IVB, stage will demonstrate orbital saflng capability, with all 
operations to be completed prior to 4-1/2 hr after insertion. 

At 0.4 sec after time base 4 (TB4) a non -propulsive vent (NPV) of the 
LH2 tank will be initiated' and continued for 1,260 sec. At TB4 +30.2 sec 
a 30 sec propulsive LOX vent will be initiated. A dump of LOX through 
the J-2 engine is initiated at TB4 +5,052 sec and terminated at 
TB4 +5,773 sec. 

Table 2-6 presents orbital trajectory parameters before and after the 
LOX dump. The- most noticeable effect of the dump impulse upon the 
trajectory is a 19 nmi increase in apogee altitude. 

2. 2. 2. 2 S-IVB Attitude Maneuvers 

Vehicle attitude is frozen from approximately 5.0 sec prior to S-IVB 
cutoff until TB4 +20 sec, .at which time a pitch maneuver is initiated 
to align the vehicle centerline along the local horizontal. This 
attitude is maintained throughout S-IVB orbital safing operations until 
approximately 9,000 sec from liftoff. At this time (over Carnarvon) the 
crew will take over the launch vehicle attitude control system for 3 min 
and perform a sequence of manual maneuvers in the pitch, yaw, and roll 
planes. Following manual maneuvers, vehicle control is resumed by the 
instrument unit (lU) , and -alignment with the local horizontal is again 
maintained. 

Figure ^-l/’ presents pictorially the S-IVB orbital attitude maneuvers. 

S-IVB/CSM separation occurs at approximately 10, 495 sec from liftoff in 

■* ’ 

an attitude nearly parallel to the local horizontal. Predicted 
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trajectory* conditions at this time are presented in table 2—6. Following 
separation Che S-IVB/IU/SLA is maneuvered as shovm in figure 2-17 into- 
a retrograde attitude, parallel to the local horizontal, -vithfln 
posjLtiqn_I up . Thi s attltiide_is ni;^iitai.ned_ for the duration of 
S-IVB stage active lifetime. 

2.2.3 Alternate Mission 

The 'alternate inflight mission capability, in the event of a one S-IB 
engine shutdown^ is that the desired orbit may be attained by using the 
remaining seven S-IB engines, S-IVB bum, and Service Module Propulsion 
System -(SPS) bum to orbit. Due to Che low nominal level of available 
usable propellants at S-I.VB cutoff, there is a relatively low probability 
of achieving prescribed orbital conditions following an S-IB engine 
shuCdoim. In the event of an S-IVB engine failure, an abort mission 
provides for a SPS burn to accomplish certain, spacecraft objectives. 
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TABLE 2-1 

PREDICTED S-IVB-205 FLIGHT MASS SUMMARY 


. ITEM 

S-IB 

LIFTOFF 

S-IB/S-IVB 

SEPARATIC® 

S-IVB 

ESC 

90 PERCENT 
THRUST 

EMR 

CUTBACK 

S-IVB 

ECC 

S-IVB 

ETD 

START 

LOS 

DUMP 

END 

LOX 

DUMP 

CSH 

SEfAMTIOSt 

Frost 

100 r. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Separation Package 

3^.-' 

0 

0 

0 

0 

0- 

0 

0 

0 

0’ 

Ullage Rockets 

3S|'. / 

394 

334 

222 

0 

0 

Q 

0 

Q 

0 

Launch Escape 

8,986 

8,986 

8,986 

8,986 

0 

0 

0 

0 

0 

O' 

Command Module 

13,05C 

13,050 

13,050 

13,050 

13,050 

13,050 

13,050 

13,050 

13,050 

0 

Service Module 

10^918 

10,918 

10,913 

10,918 

10,918 

10,918 

10,913 

10,918 

10,918 

0 

SM Propellant 

8; 887 

■ 8,887 

8.887 

S,8S7 

8,887 

8,887 

8,887 

8,887 

8,887 

0 

SLA King 

■90 

90 

90 

90 ■ 

90 

90 

90 

90 

90 

0. 

Adapter (SLA) 

3,653 

3,655 

3,655 - 

3,653 

3,655 

3,655 

3,655 

3, -655 

3,655 

3,655' 

Instrument Unit 

4,280 

4,280 

4,280 

4,280 

4,280 

4,280 

4,280 

4,280 

4,280 

4,280 

S-IVE-205 Dry Stage 

21,834 

- 21,834 

21,834 

21,834 

21,834 

21,834 

21,834 

21,834 

21,834 

21,834 

LOX in. Tank 

192,906 

192,906 

192,906 

192,504 

54,868 

1,326 

1,237 

1,237 

0 

0 

LOX Ullage Gas 

36 

36 

36 

37 

258 

367 

365 

262 

168 

128 

LOX below Tank 

• 367 

367 

367 

397 

397 

397 

367 

367 

0 

0 

LH2 in Tank' 

39,599 

' 39,599 

39,599 

39,481 

14,271 

2,026 

1,999 

■ 0 

0 

0 

LH2 Ullage Gas 

169 

169 

169 

l71 

364 

50? 

502 

436 

427 

300 

LU2 below Tank 

48 

; 48 

48 

58 

56 

58 

48 

0 

0 

0 

Cold Helium 

330 

■; 330 

330 

329 

225 

179 

179 

179 

0 

0 

APS Propellant 

131 

: 131 

131 

131 

127 

125 

125 

105 

102 

85 

GH2 Start Tank 

5 

! 5 

5 

1 

1 

1 

1 

1 

1 

1 

Service Items 

56 

! 56 

56 

56 

56 

56 

56 

56 

56 

56 

Total Mass (Ibm) 

303,879 

j 305,740 ■ 

305,681 

305,087 

133,339 

67,751 

67,593 

65,357 

63,468 

30,339 

Time from Liftoff 
(sec) 

0.000 

1 144. 490 

u 

145.810. 

149.310 



454.900 

614.540 

615.940 

5,666.100 

6,386.100 

10,495.000 
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TABLE 2-2 

PREDICTED AS-205 FLIGHT CONDITIONS AT 
MAXIMUM DYNAMIC PRESSURE 


' PARAMETER 

UNITS 

MSFC PREDICTED 

Flight Time 

(t) 

sec 

75.0 

Dynamic Pressure 

(q) 

Ibf/ft^ 

659.7 

Altitude 

(h) 

ft 

40,427.5 

Free Stream Velocity 

^^RM^ 

ft/sec 

1,-458.6 

Mach Number 

(M) 

— 

1.51- 

Ambient Pressure 

^^A> 

lb£/ft^ 

415.3 

Pitch Angle of Attack 

(a) 

•deg 

o 

Yaw Angle of Attack 

(3) 

deg 



0.04 
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TABLE 2-3 

PREDICTED AS-205 TRAJECTORY CONDITIONS AT 
S-IB/S-IVB PHYSICAL SEPARATION 


PARAMETER 

UNITS 

MSFC PREDICTED 

Flight Time 

(t) 

sec 

144.49 

Downrange Distance 

<"e) 

ft 

205,037.9 

Vertical Distance 

<V 

ft 

202,402.0 

Cross range Distance 


ft 

-109.9 

Downrange Velocity 

(V 

ft/sec 

5,553.7 

Vertical Velocity 


ft/sec 

3,365.4 

Crossrange Velocity 


ft/sec 

3.57 

Relative Velocity 

(^E> 

ft/sec 

6,493.78 

Inertial Velocity 

(V,) 

ft/sec 

7,630.76 

Inertial Flight Path 
Elevation Angle 

(Y. ') 
■^I 

deg 

26.580 

Inertial Flight Path 
Azimuth Angle 

(Y. ') 
I 

deg 

75.699 

Altitude 

(h) 

ft 

203,396.4 

Range 

(s) 

ft 

203,341.9 

Dynamic Pressure 

(q) 

Ibf/ft^ 

10.52 

Pitch Angle of Attack 

(a) 

deg 

-0.02 

Yaw Angle of Attack 

(3) 

deg 

0.07 
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TABLE 2-4 

PREDICTED AS-205/CSM-101 -TRAJECTORY CONDITIONS 
AT S-rVB GUIDANCE CUTOFF 


PARAMETER 

UNITS 

MDAC-WD 

MSFC 

Flight Time 

(t) 

sec 

614.54 

614.63 

Vextical Distance 

(X,) 

ft 

-126,339 

-127,925 

Crossrange Distance 


ft 

304,503 

304,934 

Downrange Distance 

(^) 

ft 

6,087,587 

6,092,903 

Vertical Velocity 


ft/sec 

-6,791.8 

-6,797.8 

Cross range Velocity 


ft/sec 

1,770.7 

1,771.3 

Downrange Velocity 

(^) 

ft/sec 

23,141.5 

23,139.7 

Relative Velocity 

(V,) 

ft/sec 

24,182.5 

24,182.5 

Inertial Velocity 

(V^) 

f t/sec 

25,527.1 

25,527.1 

Inertial Flight Path 
Elevation Angle 

(Yi ') 

■^I 

deg 

-0.0067 

-0.0067 

Inertial Flight Path 
Azimuth Angle 

(Yo ’) 
I 

deg 

85.89! 

85.901 

Altitude 

(h) 

ft 

747,859 

747,837 

Range 

^s) 

ft 

5,9.76,419 

5,971,037 
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TABLE 2-5 

PREDICTED AS-205/CSM-101 TRAJECTORY CONDITIONS 
AT ORBIT INSERTION 


PARAMETER 

UNITS 

MDAC-WD 

MSFC 

Flight Time 

(t) 

sec 

624.54 

624.63 

Vertical Distance 

(X,) 

ft 

-195,598 

-197,025 

Crossrange Distance 

(Y,) 

ft 

322,300 

322,724 

Downrange Distance 

(2e) 

ft 

6,318,817 

6,324,169 

Vertical Velocity 


ft/sec 

-7,054.5 

• -7,061.0 

Crossrange Velocity 

(\) 

ft/sec 

1,787.0 

1,787.7 

Downrange Velocity 

(V 

ft/sec 

23,082. 7 

23,082.8 

Relative Velocity 

CV,) 

ft/sec 

24,202.7 

24,204.2 

Inertial Velocity 

(Vi) 

f t/sec 

25,547.4 

25,549.2 

Inertial Flight Path 
Elevation Angle 

(Y. ’) 
I 

deg 

-0.002 

-0.002 

Inertial Flight Path 
Azimuth Angle 

(Yo ’) 

^i 

deg 

86.303 

86.313 

Altitude 

(h) 

ft 

747,893 

747,869 

Range 

(s) 

ft 

6,199,275 

6,204,634 

Inclination 

(i) 

deg 

31.61 

31.61 

Eccentricity 

(e) 

deg 

0.004 

0.004 

Period 

(P) 

min 

89.5 

89.5 

*Apogee Altitude 

(hAp) 

nmi 

148.8 

149.8 

*Perigee Altitude 

(hp) 

nmi 

120.0 

119.9 


*Measured with respect to a mean earth radius of 3,443.94 rani. 
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TABLE 2-6 

PREDICTED AS-205/CSM-101 ORBIT CONDITIONS 




START OF 

LOX DUbff 

S-IVB-CSM 

PARAMETER 

UNITS 

FIRST ORBIT 

BEFORE — 



AFTER 

SEPARATION 

Flight Time 

sec 

624.5 

5,666 

6,387 

10,495 

Inclination 

deg 

31.61 

31.61 . 

31.61 . 

31.64 

Eccentricity 

— 

0-.0040 

0.0046 

0.0072 

0..0074 ■ 

Apogee Altitude 

nmi 

148.8 

153.2 

172.2 

174.9 

' Perigee Altitude 

nmi 

120.0 

120.1 

120.4 

121.8 

Apogee Velocity 

ft/sec 

25,342 

25,319 

25,220 

25,208 ; 

‘ Perigee Velocity 

ft/sec 

25,547 

25,554 

25,586 

25,584 

Period 

Tliin 

89.48 

89.57 

89.92 

90'.00' 

Orbit Energy 

2 , 2 
m /sec 

-60,157,329 

■ -60,115,694.7 

^5,996,454 

-59,9.27,391 

Longitude of the Descending 
Node 

deg 

118; 912 

118.517 

118.404 

118.097 















Figure 2-1. SA-205 Vehicle Configuration 
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Figure 2-2. AS-205 Trajectory Ground Trace 
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Figure 2-3. Predicted Trajectory, S-IB Powered 
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Figure 2-7. Predicted Trajectory, S-IB Powered Flight, Inertial Flight Path Angles 
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Figure 2-9. Predicted Trajectory, S-IVB Powered Flight, Altitude and Range 
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Figure 2-10. Predicted Trajectory, S-IVB Powered Flight, Cross Range Position and Velocity 


EARTH FIXED, V^, AND INERTIAL VELOCITY, V,, (1000 FT/SEC) 



Figure 2-11. Predicted Trajectory, S-IVB Powered Flight, Earth Fixed Velocity 
and Inertial Velocity 
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Figure 2-12. Predicted Trajectory. S-IVB Powered Flight, Inertial Elevation 
Angle and Inertial Azimuth Angle 


September 1968 


2-23 







AXIAL ACCELERATION, (FT/SEC/SEC) 


90 
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Figure 2-13. Predicted Trajectory, S-IVB Powered Flight, Axial Acceleration 
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COMMAND PITCH ANGLE, (DEG) 



Figure 2-14. Predicted Trajectory, S-IVB Powered Flight, Commanded .Pitch Angle 
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COMMANDED YAW ANGLE, v , (DEG) 



Figure 2-15. Predicted Trajectory, S-IVB Powered Flight, Commanded Yaw Angle 
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PITCH. YAW, AND ROLL EULER ANGLES, 6 , i (DEG) 


20 



Figure 2-T6. Predicted Trajectory, S-IVB Powered Flight; Pitch, Yaw, 
and Roll Euler Angles 
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Figure 2-17. S-IVB-205 Orbital Maneuvers 
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3. 


STAGE OBJECTIVES 


This section defines the' S-IVB stage ‘flight objectives for 'the AS-205 
mission. 

The purpose of the S-IVB stage objectives is to verify the performance 
of the S-IVB stage airframe and stage systems, to confirm the compati- 
bility of the S-IB/S-IVB vehicle interfaces, and to determine and 
evaluate the internal and external stage environments. It should be 
noted that the stage objectives describe the evaluation efforts to be 
accomplished exclusively by McDonnell Douglas Astronautics Company - 
Western Division (MDAC-WD) and .do not .completely satisfy the mission 
objectives. Mission objectives ^ described in section 2 of this document, 
are satisfied by the cumulative evaluation efforts of MSEC, MDAC-WD, and 
the other Saturn program contractors and the results reported in the 
MSEC vehicle report. 

3.1 Airframe Structural Integrity 

Verify the structural integrity of the S-IVB stage during launch, boost, 
and powered flight. This objective will be achieved by the- evaluation 
of the structural integrity of the following airframe components: 

a. LH2 tank assembly 

b. LOX tank assembly 

c. Common bulkhead. 

3.2 Main Propulsion System 

Verify the propulsion system operations during prelaunch, boost and 
powered flight . 

This objective will be achieved by evaluation of the performance of the 
following systems: the J-2 engine, LH2, LOX, and stage pneumatic 

control and purge system. 
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Predicted propulsion system performance curves are presented in 
figures AP 5-1 through AP 5-25. Average predicted propulsion system 
performance parameters are presented in table AP 5-1. 

3.2.1 J-2 Engine Performance and Conditioning 

Satisfactory operation of the J-2 engine will be verified by the 
following; 

a. Engine performance during start transient, steady state 
and cutoff operation. 

b. J-2 engine thrust chamber chilldown time, thermal gradients 
and response of the structure to chilldown. 

c. J-2 engine start bottle chilldown, loading, conditions at 
liftoff, usage during start and environmental effects 
during flight. 

d. J-2 engine control helium sphere prepressurization and 
loading, conditions at liftoff, usage during bum and 
environmental effects during flight. 

e. J-2 engine sequencing. 

f. Propellant consumption using flow integration and thrust 
profile for flight performance reconstruction. 

3.2.2 LH2 System 

Satisfactory operation of the LH2 system will be verified by the 
following. 

3. 2. 2.1 LH2 Pressurization and Peed Systems 

Demonstrate the capability of the LH2 system to provide sufficient fuel 
and net positive suction pressure (NPSP) to the J-2 engine for satis- 
factory operation. Evaluation of the following will verify these 
objectives: 
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a. Loading rates and tank ullage pressure to satisfy prelaunch 
loading operation requirements 

b. Prepressurization of the LH2 tank prior to launch. 

c. Transition from ground prepressurization to onboard flight 
pressurization system to provide tank ullage pressure during 
engine operation. 

d. Conditions of propellant NPSP supplied to the J-2 engine LH2 
interface during prestart and steady-state operation. 

e. LH2 recirculation chilldown. 

3. 2. 2. 2, LH2 Vent System 

Demonstrate the capability of the vent system to provide the required 
tank pressure during loading, boost, stage powered flight and orbital 
venting. Evaluation of the following will verify this objective; 

a. Nonpropulsive vent system flowrate 

b. Nonpropulsive vent system thrust and thrust imbalance 

c. Tank depressurization rate 

d. Tank self-pressurization rate 

e. Heat input rates. 

3.2.3 LOX Sys tern 

Satisfactory operation of the LOX system will be verified by the 
following: 

3.2. 3.1 LOX Pressurization and Propellant Feed Systems 

Demonstrate the capability of the LOX system to provide sufficient 
oxidizer and NPSP to the J-2 engine for satisfactory operation. Evalua- 
tion of the following will verify these objectives: 

a. Loading rates and tank ullage pressure to satisfy prelaunch 
loading operation requirements 
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b. Prepressurization of the LOX tank prior to launch 

c. Transition from ground prepressurization to onboard flight 
pressurization and operation of the onboard LOX tank pressuri- 
zation to provide tank ullage pressure during engine operation. 

d. Pressurization control module operation 

e. Cold helium supply 

f. J-2 heat exchanger performance 

g. LOX pimp chilldown and recirculation 

h. Conditions of propellant NPSP supplied to the .J-2 engine LOX 
interface during prestart and steady -state operation. 

3. 2. 3. 2 LOX Vent System 

Demonstrate the capability of the vent system to provide the required 
tank pressure during loading, boost, stage powered flight and orbital 
venting. 

Evaluation of the following will verify these objectives: 

a. Propulsive and Nonpropulsive vent system flowrates 

b. Propulsive and nonpropulsive vent system thrust and-NPV system 
thrust imbalance 

c. Tank depressurization rate 

d. LOX tank thermodynamics. 

3.2.4 Pneumatic Control and Purge System 

Demonstrate the capability of the pneumatic control and purge system to 
provide pneumatic power and purge gas throughout the mission. 

Performance evaluation will include: 

a. Ambient helium supply 

b. Regulation of control pressure 

c. Actuation of flight critical pneumatic valves 

d. Helium purge pressure and flow for the LH2 and LOX turbopump 
purges 

e. LOX recirculation chilldown pump motor container purge pressure. 
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3.3 Orbital Safing 


Satisfactory operation of the orbital safing system will be verified by 
the following: 

a. LH2 tank venting 

ib. ,LH2 tank -passivation valve permanently open 

c. LOX tank venting 

d . LOX dump 

e. LOX tank NPV valve permanently open 

f. Cold helium dump 

g. Stage control helium dump. 

3.4 Auxiliary Propulsion System 

Demonstrate the capability of the auxiliary propulsion system (APS) to 
provide propulsion on demand for roll control during S-IVB boost, and to 
provide pitch, yaw, and roll control for the remainder of the mission. 

Performance evaluation will include the following: 

a. Propellant loading rates and the ullage and propellant tank 
pressures during loading operations 

b. Response of the engines to stage commands during flight 

c. Value of the minimum impulse bit 

d. APS -performance in space environment. 

3.5 Ullage Rockets 

Demonstrate the capability of the ullage rockets to operate during 
-separation and the J-2 engine start transient. 

Performance evaluation will include response of ullage rockets to 
.ignition signal. 
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3.6 Retrorockets 


Demonstrate the capability of the retrorockets to respond to the ignition 
signal at S-IVB/booster separation. 

3.7 Hydraulic 

Verification of the hydraulic system performance during powered flight. 
This objective will be achieved by: 

a. Deteirmining that adequate pressurized fluid flow was available 
to the servo-actuator and that hydraulic system pressures were 
maintained within expected limits (figure AP 8-1) . 

b. Verifying that the fluid temperature was maintained within 
acceptable limits during system operation (figure AP 8-1). 

c. Verifying the adequacy of actuator artificial damping mechanism 
performance. 

d. Determining the magnitude of lU command errors just prior to 
switching guidance to S-IVB burn mode. 

e. Evaluating the adequacy of present compensation for thrust 
vector deflection errors caused by the manufacturers tolerance 
in the gimbal and thrust structural compression effects, 

f. Verifying proper pitch and yaw actuator responses to commands. 
During coast the following will also be evaluated: 

a. The magnitude of lU command errors in the S-IVB non-bum mode 

b. Actuator deflections. 

3.8 Flight Control System 

Verify the proper operation of the flight control systems during powered 
flight and orbital coast. This objective will be achieved by: Verifi- 

cation of the proper operation of the thrust vector control system and 
the auxiliary attitude control system; comparison of propellant sloshing 
frequencies with those predicted (figure AP 7-5) . 
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3.8.1 Thrust Vector Control System ; 

Demonstrate proper performance of the main engine control system during 
S-IVB powered flight. This objective will be achieved- by evaluation of 
the following: 

a. Response of the thrust vector control loop to commands 
from the guidance control computer. 

b. Demonstrate overall control stability during S-IVB flight, 
including controlability immediately after separation. 

c. Simulation of transient regions of flight (e.g., separation, 
guidance initiation) . 

3.8.2 Auxiliary Attitude Control System (AACS) 

Verification of control system stability and evaluation of performance 
during S-IVB powered flight and orbital coast. This objective will be 
achieved by consideration of the following: 

a. Simulation of actual APS firings and roll attitude error. 

b. Comparison between theoretical and actual control system 
phase planes . 

c. Determine actual impulse usage for vehicle maneuvers and 
disturbances . 

d. Verify orbital coast system (AACS/APS) lifetime. 

3.9 Stage Separation 

Verify clearance distance between stages during separation. Predicted 
stage clearance is presented in figures AP 7—6 and AP 7-7. 

This objective will be achieved by determining the following: 

a. Lateral clearance between stages. 

b. Separation distance between stages at J~2 Engine 
Start Command, 

c. Simulation of stage attitude error and rate. 
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3.10 Data Acquisition System 

Verify that the data acquisition system is within design tolerances. 

The achievement of this objective will be verified by evaluation of data 
and of the performance of the following: 

.a. Radio frequency (RF) system 

b. Telemetry system 

c. Instrumentation system 

d. Data validity. 

3.10.1 RF Sys tern 

Verify the proper operation of the RF system by evaluation of the 
following: 

a. RF power output of the pulse code modulation (PCM) trans- 
mitter assembly measured by means of directional couplers 
and RF power detectors. 

b. Voltage standing wave ratio (VSWR) computed, from forward and 
reflected power data obtained from the bi-directional coupler 
and RF power detectors. 

3.10.2 Telemetry System 

Verify the telemetry system performance. The achievement of this objec- 
tive will be verified by consideration of the following: 

a. Verification of the compatibility of the PCM system data format, 
signal synchronization, and system calibrations., 

b. Evaluation of the multiplexed FM measurements transmitted through 
the lU FM/FM data link, for 'proper channel synchronization and 
calibration. 

3.10.3 Instrumentation System 

Verify the performance of the instrumentation system. The achievement 
of this objective will be verified by evaluating the following: 
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a. The' BCM data provided 'information compatible' with ' the a’sSigned 

measurements > '■ 

b. The FM/FM data provided information compatible with the assigned 
measurements 

c. The system responded to calibration commands 

d. All instrumentation system elements (transducers, signal 
conditioning, etc.) are compatible with each other. 

3.10.4 Data Validity 

Verify the validity of data from the data acquisition system. The 
achievement of this objective will be established by evaluating the 
following: 

a. The PCM data shall be examined on a channel-by-channel basis to 
establish validity of measurement responses. 

b. The FM/FM data shall be examined on a channel-by-channel basis 
to ascertain measurement responses. 

3.11 Electrical Control System 

Verify proper performance of the electrical control system. The achieve- 
ment of this objective will be verified by evaluation of the operation of 
the following: 

a. Switch selector 

b. Sequencer 

c. Power distributors 

d. Pressure switches 

e. EBW and range safety equipment 

f. Interconnecting cables. 

3.12 Propellant Utilization 

The objective will be verified by evaluating the performance of the PU 
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system as utilized in a propellant loading mode and for inflight propel- 
lant measurement. (S-IVB-205 propellant loading data is given in 
appendix 6.) 

a. Demonstrate that the PU system indicated propellant load is 
within 1.12 percent of the actual propellant load in each tank 
as determined by the statistical weighted average propellant 
mass history. 

b. Demonstrate the ability of the PU system to provide inflight 
propellant mass history. 

c. Demonstrate the open-loop PU operation in the commanded mixture 
ratio (CMR) mode with high engine mixture ratio (EMR) from 

ESC +7.5 sec to ESC +308.6 sec, followed by a cutback to a 
nominal EMR of 4.5:1 for the duration of powered flight. 

3.13 Range Safety System 

The achievement of this objective will be verified by proper operations 
of the range safety system (during powered flight) for normal flight, or 
for the termination of an erratic flight. 

a. Normal Flight 

(1) An RF carrier should be received by the stage at all times 

(2) Indication of signal strengths from each range safety 
receiver should be a nominal 1.3 v. 

b. Abnormal Flight 

The operation of the range safety system during an abnormal 
flight should include those operations described for normal 
flight (paragraph 3.13a) plus the following: 

(1) Indication of receipt of the propellant dispersion (PD) 

EBW Firing Unit Arm and Engine Cutoff Command, from the 
range safety decoder. Tri-level signals should show a 
step increase from 1.27 (+0.3) v to 2.43 (+0.15) v 
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(2) The EBW firing units should show a charge of 2,300 (+100) v 
within one sec after the receip't of the EBW arm and engine 
cutoff signal' 

(3) After a predetermined time from the arm and engine cutoff 
signal, a propellant dispersion command will be given to 
the vehicle. At this time the range safety decoder tri- 
level signal should show a step increase to 

4.16 (+0.45) volts. 

3.14 Stage Aerodynamics and Thermodynamics 

Verify the aerodynamic/thermodynamic performance of the S-IVB stage, as 
feasible, during launch, boost, powered flight and orbit. 

3.15 Vibration Environment 

This objective will be achieved by evaluation of the vibration 
environment of the stage engine during the S-IVB powered portion of 
flight. 

The evaluation will include: 

a. Measurements on the combustion chamber done 

b. Measurements on each turbopump 

c. Measurements on the main fuel valve 

d. Measurements on the ASI LOX valve 

e. Measurements on the ASI fuel block. 

3.16 Ordnance System 

Verify proper operation of the ordnance system during powered flight. 

The objective will be achieved by verification of the operation of 
the stage separation systems. 
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3,17 Environmental Control Sys tem 


Verify proper environmental control system performance during launch, 
boost, powered flight, and orbital coast. Performance evalution will 
include : 

Powered Flight 

a. Verification that the proper S-IVB thermoconditioning fluid 
flofwrate supply pressure and temperature were maintained by the 
lU thermoconditioning system 

b. Verification that the S-IVB thermoconditioning system fluid 
return pressure and temperature were within normal operating 
ranges . 

Orbital Coast 

a. Verification that the proper S-IVB thermoconditioning fluid 
flowrate, supply pressure and temperature were maintained by the 
lU thermoconditioning system 

b. Verification that the S-IVB thermoconditioning system fluid 
return pressure and temperature were within normal operating 
ranges . 

3.18 Stage Sequence of Events 

Determination of the proper S-IVB acknowledgement of sequence commands 
issued from the lU will be verified by comparing lU command times to 
stage monitored command times. 
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SECTION 4 


STAGE CONFIGURATION 


4. 


STAGE CONFIGURATION 


This section presents the general configuration of the S-IVB-205 stage 
and significant S-IVB-205 stage configuration differences from the 
S-IVB-204 stage. 

4.1 S-IVB-205 Stage 

The S-lVB-205 stage (figure 4—1) consists of the following assemblies: 

a. Forward skirt 

b. Propellant tanks 

c. Aft Skirt 

d. Engine thrust structure 

e. Aft interstage 

f. Supporting subsystems. 

Complete S-IVB system descriptions • are presented in Douglas Drawing 
No. 1B62934, S-IVB-205 End Item Test Plan, (reference 4). Figure 4-2 
presents a schematic arrangement of the propulsion system and its 
associated instrumentation. 

4.2 Stage Configuration Differences 

The following paragraphs delineate significant configuration differences 
between the S-lVB-204 and S-IVB-205. 

4.2.1 Augmented Spark Igniter (ASI) 

The AST propellant feed system has been modified (removing all flexible 
hose sections) and additional flight Instrumentation has been added. 

4.2.2 LH2 Tank 

The LH2 tank pressure switch has been changed in order to lower the 
operating range to 28 psia to 31 psia as a result of the fracture 
mechanics study. 

4.2. 3" LH2 Vent and Relief System 

The LH2 vent and relief valve switch has been lowered to 31 psia to 

September 1968 


4-1 





34 psia. The backup relief valve setting has been lowered to 35 psia 
to 38 psia. Both of the above are a result of the fracture mechanics 
study. 

4.2.4 LH2 Tank Safing System 

An LH2 tank passivation valve with actuation control module has been 
added to the LH2 vent system. 

The passivation valve latches open and permits safing of the tank by 
venting it continuously and nonpropulsively after stage orbital insertion 

4.2.5 LOX Nonpropulsive Vent (NPV) System 

A nonpropulsive LOX vent system has been added. 

A pneumatically controlled latch-open valve provides for LOX tank non- 
■propulsive venting which permits LOX tank safing after stage orbital 
insertion. 

4.2.6 Stage Pneumatic Control System 

The stage pneumatic control system has undergone several changes and is 
essentially a new configuration. A complete redesign^ has taken place in 
the following parts; actuation control module, J-2 engine pump purge- 
control module and LOX chilldown pump purge system. 

The ambient helium fill module and the pneumatic power control module 
have also been improved. 

4.2.7 J-2 Engine Instrumentation 

Additional engine instrumentation were added primarily to monitor the ASI 

4.2.8 J-2 Engine 

a. Start Tank Refill Orifice Blank 

The J-2 engine start tank refill orifice has been replaced with 
a blank orifice. No restart required on a IB. 

b. Start Tank Emergency Dump Valve 

A J-2 engine start tank emergency dump valve has been added with 
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ground (only) capability to dump the 'engine start bottle in 
case of an aborted -launch. 

4.2.9 Propellant Utilization (PU) System 

The PU system will operate in the open-loop mode. The PU valve 
normally remains in the 5.0:1 or null position during- the open 
loop mode, .however, the . capability to command the.PU valve to the 
nominal 5.5:1 or 4.5:1 mixture -ratio- position. .has been incorporated 
in the TU switch selector. 

4.2.10 Data Acquisition System 

The data acquisition system was reduced to one PCM/FM system on the 
operational S-IVB stages. Subsequent requirements to obtain high 
frequency data has necessitated the utilization of an FM/FM data link 
therefore, the data acquisition system has been modified to multiplex 
and transmit the required high frequency measurements 'through the lU 
FM/FM data system (DFl) . As a result, the following telemetry sub- 
systems have been removed: 

.a. PAM/FM/FM subsystem 

b. . FM/FM, subsystem 

c. SS/FM subsystem 

d. Airborne tape recorder.. 

The following components have been added to the PCM/FM subsystem: 
a. Remote analog submultiplexer 
■ ‘b. Remote digital submultiplexer. 

Figure 4-3 shows- a block diagram of the data acquisition system. 
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SECTION 5 


LAUNCH MISSION RULES AND REDLINES- 


5. 


LAUNCH MISSION RULES AND REDLINES 


This section defines the launch mission rules pertaining to the S-IVB 
stage, redlines (which are a part of the launch mission rules), backup 
redlines, and bluelines. 

5.1 Launch Mission Rules 

Launch mission rules are launch vehicle, space vehicle, and spacecraft 
launch constraining requirements. 

Launch mission rules are developed to aid the launch director in decision 
making when an anomaly occurs. The launch mission rules are only a 
.guideline and can be changed by the launch director. Before on-the-spot 
changes are made, the contractors are usually contacted for recommenda- 
tions . 

The launch mission rules are included in a document released by NASA/KSC 
director of launch operations. McDonnell Douglas Astronautics Company - 
Western Division (MDAC-WD) has received a preliminary issue of this 
document, Apollo/Saturn IB Launch Mission Rules (SA-205 CSM-101) , 
(reference 5) . 

The launch mission rules document is divided into the four following 
sections and each will be discussed in the following paragraphs: 

Section I - Space Vehicle Operations 
Section II - Launch Vehicle Operations 
Section III - Spacecraft Operations 
Section IV - Technical Support Operations 

5.1.1 Space Vehicle Operations ■ 

This section includes an introduction to the document, general launch 
mission rules (LMR) applied to the space vehicle, and detailed launch 
mission rules applied to the space vehicle. The following is a 
discussion on each sub-section and how it affects the S-IVB stage: 

*Definition: Space Vehicle includes S-IC stage, S-II stage, S-IVB stage, 

lU, and the Spacecraft. 
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5. 1.1.1 Introduction 


The introduction defines the purpose of the LMR to "Provide guidance to 
the launch director and launch team organization by specifying preplanned 
decisions which are required to minimize real time rationalization 
required when non-noitiinal situations occur during the launch countdown 
and applicable prelaunch tests". 

5. 1.1. 2 Mission Rules Guidelines 

The mission rules guidelines defines terms, outlines procedures to be 
taken in the event an anomaly occurs and defines duties and authority 
during th^ countdown. These guidelines are established by NASA Head-' 
quarters in NASA Management Instruction (NMI) 8020-9 and Insures 
compatibility between LMR and flight mission rules. Identical guide- 
lines are included in each IMR document. The most significant guide- 
lines have been included in table 5-1. 

5. 1.1. 3 General Launch Rules 

The general launch rules are detailed guidelines and procedures for the 
development and utilization of launch mission rules. These guidelines 
are established in the NASA/KSC Apollo/Satum Launch Mission Rules 
Handbook . The more significant of these rules have been reiterated in 
table 5-2 for convenience and emphasis. 

5. 1.1. 4 Launch Window Restrictions 

The launch window times were not defined. The only MDAC-WD launch 
window restriction occurs in the event of a scrub. The rescheduled 
window must take into account the stage turnaround time for propellant 
removal and prelaunch preparations. The launch window restrictions are 
established by NASA/KSC with MDAC-WD/A41 as advisors. MDAC-WD /A3 is 
not involved. The restrictions were not included in the preliminary 
launch mission rules . 
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5. 1.1.5 Weather Restrictions 


The weather restrictions are established by NASA and are not complete in 
the preliminary launch mission rules. In the past, the wind velocity, 
direction and elevation weather restrictions have not exceeded the stage 
CEI design specification limits. The limits are not expected to be 
exceeded for this launch. 

5. 1.1. 6 Flight Crew Safety Rules 

Flight crew safety rules are established by the flight crew safety panel 
at KSC. MDAC-WD is represented on this panel at KSC. Flight crew 
safety rules will also be reviewed by MDAC-WD/ A3 engineering. 

5. 1.1. 7 Hold/Cutoff Guidelines 

This subsection defines the rules for requesting holds and cutoffs. 
MDAC-WD does not make a direct input to these rules. However, they do 
affect the MDAC-WD/FTC launch operations. The more significant points 
of the rules are as follows : 

a. A hold is stopping the clock before the start of automatic 
sequence . 

b. A cutoff is stopping the clock after the start of automatic 
sequence. 

c. After T -5 sec requests for cutoff will be given only if the 
vehicle fails to liftoff. 

5. 1.1. 8 Functional Sequence 

The functional sequence details actions to be followed in the event 
problems are encountered in the countdown and recommended hold points. 

The requirements were not included in the preliminary launch mission 
rules. The only MDAC-^'JD requirement for this subsection is the maximum 
5 min accumulated hold time after the initiation of the engine thrust 
chamber chilldown. 
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5.1.2 Launch Vehicle 


This section of the launch mission rules document (LMKD) includes 
constraints imposed upon stage systems and components. 

Included are such items as critical systems, redlines , critical flight 
control measurements and critical pbstf light evaluation measurements. 

5. 1.2.1 Critical Systems 

Except for the telemetry system, the S-IVB critical systems are covered 
by the redlines. Since the S-IVB-205 stage is essentially an operational 
stage, the only telemetry systems or links available for S-IVB data 
acquisition are CP-1 (via S-IVB) and DP-1, DF-1 (via III) links. To be 
consistent with the postflight requirements and primary flight objec- 
tives, MDAC-WD requires that CP-1 and DP-1 links be mandatory. The data 
transmitted by CP-1 and DP-1 is affected by multiplexers and sub- 
multiplexers. Each multiplexer and sub-multiplexer provides a sufficient 
percentage of data and critical measurements to warrant a classification 
of mandatory. The critical systems are as follows: 

a. Link CP-1 

b. Link DP-1 

c. BO Multiplexer (via CP-1) 

d. BO Multiplexer (via DP-1) 

e. Remote Digital Sub-multiplexer (via CP-1) 

f. Remote Analog Sub -multiplexer (via DP-1). 

The critical systems listed in the preliminary LMR document are con- 
sistent with the above list. 

5. 1.2. 2 Redlines 

Redlines are parameters with minimum and/or maximum values that specify 
acceptable systems operation. The prelaunch operations period is not 
to be completed if the conditions specified are not met. The LMR defines 
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a'll xedlines' as> mandatory'. >Tha' lates.t MDAC-.WD measurements .monitoring 
■the parameters with redline limits are listed in table* 5-3 with their 
limits., expected values, and applicable time period. 

The NASA/MSFC redlines submitted to. NASA/KSC for inclusion' into the 
final .edition ,of the. launch* mission rules 'were received .b,.y MDAG-WD in 
letter -I-V-S-IVB-L-68-.269;, dated* July 30, 1968. 

There are no significant differences between the MDAC-WD and NASA/MSFC 
recommended redlines. 

Additional redlines in table 5-4 are being requested by MDAC-WD in 
letter A3-860-KKBO-L-2731, dated July 26, 1968. MDAC-WD does not yet 
have NASA position or concurrence on these redlines. 

5. 1.2. 3 Critical Flight Control Measurements 

The categorization of critical flight control measurements- and .the 
inclusion of these in the IMR document .is to assure that these measure- 
ments are operative at or near liftoff. These measurements are 
included in table 5-5. 

5. 1.2. 4 Critical Postflight Evaluation Measurements 

Critical postflight evaluation measurements are those singular measure- 
ments that are mandatory or highly desirable to accomplish postflight 
evaluation of a primary mission objective. MDAC-WD does not recommend 
any singular measurements as critical because evaluations are based 
upon several measurements within the system being evaluated. A failure 
of one measurement would not prevent the evaluation of a sys.tem. 

5. 1.2.5 GSE/ESE 

MDAC-WD has no GSE/ESE launch constraints . The S-IVB stage, however, is 
affected by NASA/MSEC generated rules for pad safety. This involvement 
is in the area of hazardous gas detection. If a dangerous gas mixture 
is detected in either forward or aft interstage areas a hold or cutoff 
is to be initiated. 
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5.1.3 Section III - Spacecraft Operations 


MDAC-WD has no responsibility for inputs to this section.' 

5.1.4 Section IV - Technical Support 

This IMRD section contains launch mission rules that pertain to all 
operational support equipment not under the direct supervision of 
launch vehicle or spacecraft elements. MDAC-WD Is not responsible for 
submitting inputs to this section. 

5.2 Bluelines and Backup Redllnes 


5.2.1 Bluelines 

Bluelines are maximum and/or minimum values of parameters which, if 
exceeded, shall result in an engineering judgment as to whether the 
countdown will be completed without corrective action. Bluelines are 
not included in .the LMR documents , and are not recognized by NASA as 
launch constraints. The SA-205/CSM-101 bluelines are- listed in 
table 5-6. 

The blueline philosophy and limits are implemented by instructions from 
the design technologies to the instrumentation observer. Under no 
conditions does exceeding a blueline limit result in a hold or scrub 
of the launch without the consent of the. launch director. 

5.2.2 Backup Redlines 

Backup redlines are substitutions for redline measurements in the event 
the redline measurement becomes faulty. These measurements are to be 
used only after a careful investigation and assessment of data has 
established the primary measurement to be unacceptable. The backup 
measurements are not considered as alternates nor considered with the 
same confidence as primary redlines. The backup redlines are listed in 
table 5-7. 
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The MDAC-WD backup redlines have been submitted to NASA by letters 
A3-860-KKBO-L-1252 , dated June 11, 1968 and A3-250-KKBO-L-2914 , 
dated July 8, 1968. 

Hie NASA Countdown Observer Backup Redlines Information document has not 
been released for the SA-205/CSM-101 . However, by preliminary discussion 
with NASA personnel, discrepancies are not expected. 
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TABLE 5-1 (Sheet 1 of 2) 
MISSION RULES GUIDELINES 


Ui 

I 

CO 


ITEM 


UESCRIRTION 


1-104 


Within their respective areas of responsibility, the conraiand pilot, launch director, flight, 
director, Department of Defense (DOD) manager for MSF support operations, and mission director 
may take or recommend any action required for optimum conduct of the mission. 


1-105 


1-106 


1-107 


1-108 


1-109 


The command pilot, spacecraft test conductor, launch vehicle test conductor, space vehicle 
test supervisor, launch operations manager, launch director, flight director, DOD manager 
for MSF support operations, or mission director may request a hold for conditions within their 
respective areas of responsibility. 

During the countdown, the launch vehicle and spacecraft program managers and respective center 
operations managers shall provide technical advice and support directly to the launch operations 
manager and launch director. The latter two will keep the mission director fully informed of 
problems and proposed solutions. During the flight phase of operations, similar support as 
required will be provided to the flight director and MSG director of flight operations. The 
mission director will be kept fully informed by these individuals of problems and proposed 
solutions during the applicable phases of the mission. 

When time permits, the failure of a mandatory or highly desirable item will be reported to the 
mission director by the launch director or flight director. The initial report will include 
the position or facility that detected the malfunction. Subsequently, the mission director 
will be informed of estimated time to repair and recommended proceed, hold, recycle, or scrub 
action as it develops. 

If a mandatory item fails during the countdown, it will be corrected prior to launch, holding 
or recycling the countdown as necessary. If a mandatory item cannot be corrected to permit 
liftoff within the launch window, the mission director may proceed with the launch after 
appropriate coordination with the appropriate' operations and program managers. Generally, the 
loss of a mandatory item will result in a scrub. 

As the designated representative of the program director, only the mission director may scrub 
the mission. Further, the mission director retains the authority to downgrade a mandatory item. 
This authority shall be exercised as the circumstances dictate after appropriate recommendations 
from the program managers, launch director, and flight director. 


L 
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I 

VO 


ITEM 


DESCRIPTION 


1-110 I Consideration will be given to the repair of any highly desirable item, b,ut in no case will the 
launch be scrubbed for any single highly desirable item. If two or more highly desirable items 
fail and/or other aggravating circumstances occur, tlie mission director may scrub the mission 
after coordination with the appropriate operations and program managers. 

1-111 The countdown will not be held nor the launch scrubbed for failure of desirable items. 

1-113 Tlie countdown will continue where possible concurrently with correction of an existing problem. 

1-117 I ^■Jhere possible, all manual abort requests from the ground during flight will be based on two 

independent indications of the failure. Crew abort action will normally be based upon two 'cues. 

1-120 i Complete ground control of the space vehicle passes from the launch director to the flight 

director when the space vehicle reaches sufficient altitude to clear the top of the umbilical 
tower. 

1-122 The command pilot may Initiate such inflight action as he deems essential for crew safety. 

1-123 Flight crew safety shall take precedence over the accomplishment of mission objectives. 
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GENERAL LAUNCH RULES 


I 

M 

O 



1-200 APPLICABLE TIME PERIODS ; The applicable time period for all mandatory items will be specified 
in the time perlod/action/notes column for each such item. This time period will start at 
launch vehicle power up unless otherwise specified and will terminate at the specified time 
(no later than T -5 seconds for manual cutoff actions) . The applicable time period for highly 
desirable items will start at launch vehicle power up and will terminate at T -2 minutes 
43 seconds (automatic sequence start) unless otherwise specified in the time period/action/ 
notes column. 

1-201 INTERLOCKS ! Any function that is interlocked on an automatic sequencing device and will effect 
an automatic shutdown or will prevent liftoff in the event of a malfunction is defined herein 
as mandatory and is not reiterated within this document. 

1-202 UNVERIFIABLE ITEMS ; Items which are received as launch mission rules Inputs but which cannot 
be monitored or verified during the launch mission rules effectivity period do not appear in 
this document. These items will be verified prior to entering the effectivity period, and 
appropriate organizations will be notified of malfunctions. 

1-203 MSC AND MSEC REPRESENTATIVES ; MSC and MSEC will designate a single point of contact within the 
launch control center (LCC) to consult with the director, spacecraft operations, and the 
director, launch vehicle operations j and with whom the launch director and launch operations 
manager may discuss instrumentation or hardware discrepancies and/or malfunctions that occur 
during the launch countdown. The MSC and MSEC representatives will be notified of LMRD 
discrepancies when time permits. 


1-204 LMR/EMR INTERFACE ; For certain operational support elements (required to be operational at 
liftoff) for w,hich KSC, ETR, or GSFC are operationally responsible, redundant entries may be 
contained in both the launch mission rules and the flight mission rules. The LMRD will contain 
rules concerning only those operational support elements for which the launch director or 
appropriate elements of the launch team organization would call a hold or would call for cutoff 
in the event of malfunctions. 
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TIME PERIOD/ACTION/NOTES 


Check from T-15 sec to T-5 sec. No 
check required prior to automatic 
sequence start. 

Check from immediately prior to 
initiation of automatic sequence 
to T-5 sec. 

Check from final Auxiliary Hydraulic 
Pump Flight Mode ON Command to 
initiation of automatic sequence. 

Check at T-15 min. If redline values 
have not been exceeded at T-15 min, 
no further monitoring is required. 

Check at T-15 min. If redline values 
have not been exceeded at T-15 min, 
no further monitoring is required. 

Check immediately prior to initiation 
of automatic sequence and verify that 
thrust chamber jacket chill is 
continuing. 

Check at T-5 sec. 

Check from sphere pressurization to 
T-5 sec. 

NOTE: Violation of the minimum red- 

line for a period not greater 
than 2 sec Is expected and 
allowable at times of valve 
activation. 
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AS-205 COUNTDOWN OBSERVER REDLINES 


MEAS/TM NO. 

DESCRIPTION 

PRE LAUNCH 

TIME PERIOD/ACTION/NOTES 

MIN VALUE 

MAX VALUE. 

VXD0016-425 

Pressure, Cold Helium 
Sphere 

2,800 psia 

3,200 psia 

From sphere pressurization to 
T-5 sec. (The spheres must be sub- 
merged in the LH2 for at least 30 min 
of countdown prior to liftoff.) 



• 


NOTE: The 2,800 to 3,200 psia are 
design limits. However, 

2,500 psia is acceptable from 
a mission requirements stand- 
point, if it is verified that 
no system leakage exists. 

VXD0017-401 

Pressure, GH2 Start 
Bottle 

Fig. 5-3 

Fig. 5-3 

Check from immediately prior to 
initiation of automatic sequence to 
T-5 sec. 

VXD0019-401 

Pressure, Engine Control 
Helium Sphere 

2,800 psia 

3,300 psia 

From sphere pressurization to initia- 
tion of automatic sequence. 



2,800 psia' 

3,375 psia 

Check from initiation of automatic 
sequence to T-5 sec. 

XD0576-408 

Pressure, Fuel Tank 
Ullage 

None 

17.2 psia 

Prom approximately T-30 min to initia- 
tion of LH2 tank pressurization. 



None 

39.0 psia 

Check from initiation of LH2 tank 
pressurization to T-15 sec. 



Fig. 5-1 

Fig. 5-1 

From approximately T-15 sec to 
T-5 sec. 













September 1968 


TABLE 5-3 (Sheet 3 of 6) 
AS-205 COUNTDOWN OBSERVER REDLINES 


MEAS/TM NO. 

DESCRIPTION 

PRELAUNCH 

TIME PERIOD/ACTION/NOTES 

MIN VALUE 

MAX VALUE . 

XD0577-406 

Pressure, Oxidizer Tank 
Ullage 

37 psia 

44 psia 

From T-15 sec to T-5 sec. 



None 

44 psia 

From initiation of LOX tank pressuri- 
zation to T-15 sec. 

VXD0’041~403 

Pressure, Hydraulic System 

3,400 psia 

4,100 psia 

Check from Auxiliary Hydraulic Pump 
Flight Mode ON Command until 
initiation of automatic sequence. 

VXD0042-403 

Pressure, Reservoir Oil 

45 psia 

None 

Check from Auxiliary Hydraulic Pump 
Thermal Coast Mode ON Command to . 
final Flight Mode ON Command. 

XD0068-415 

Pressure, Helium Regulator 
Inlet Mod 2 (APS) 

2,800 psia 

3,200 psia 

Check from system pressurization 
until T-5 sec. 

VXD0094-414 

Pressure, Oxidizer Tank 
Outlet Mod 1 (APS) 

203 psia 

216 psia 

Check from T-15 min until T-5 sec. 
until T-5 sec. 

VXD0095-415 

Pressure, Oxidizer 
Tank Outlet Mod 2 (APS) 

203 psia 

216 psia 

Check from T-15 min until T-5 sec. 
until T-5 sec. 

VXD0160-403 

Pressure, Helium (Ambient) 
Sphere 

2,800 psia 

3,200 psia 

From sphere pressurization until 
T-5 sec. 

VXD0064-414 

Pressure, Helium Regulator 
Inlet Mod 1 (APS) 

2,800 psia 

3,200 psia 

Check from system pressurization 
until T-5 sec. 

F0004-424 

Flow, LOX Recirculation 
Pump 

30 gpm 

None 

Check from start of recirculation to 
T-5 sec. 
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TABLE 5-3 (Sheet 4 of 6) 

- AS-205 COUNTDOWN OBSERVER REDLINES 


MEAS/TM NO. 

DESCRIPTION 

PRE LAUNCH 

TIME PERIOD/ACTION/NOTES 

MIN VALUE 

MAX VALUE . 

F0005-404 

Flow, Fuel Recirculation 
Pump 

120 gpm 

4 

None 

Check from Initiation of fuel tank 

pressurization T-97 sec to T-5 sec. 

NOTE: While in the unpressurized 

condition, and with the re- 
circulation system operating, 
the flowrate of the fuel will 
be in a band between 80 and 
110 gpm. It should be noted 
that when prepress is 
initiated, sharp fluctions in 
the flowrate may result. These 
fluctuations have lasted from 
15 to 60 sec on previous 
firings. This is a normal 
condition and monitoring of 
this parameter should not be 
started until the flowrate has 
attained a steady state value. 

GOOOl-403 

Position, Pitch Actuator 

-1.5" 

+1.5“ 

Check from final Auxiliary Hydraulic 
Pump Flight Mode ON Command to 

G0002-403 

Position, Yaw Actuator 

-1.5“ 

+1.5“ J 

T-5 sec. 

VXGOOlO-401 

Position, PU System 
Ratio Valve 

Null -2“. 

Null +2“ 

Check from T-5 min to T-5 sec. 

KO 013- 401 

Event, Cutoff (Lock-in) 
Signal 

OFF 

OFF 

Observe drop from ON indication at 
engine ignition power ON and monitor 
that indication remains OFF to 
T-5 sec. 
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TABLE 5-3 (Sheet 5 of 6) 
AS-205 COUNTDOWN OBSERVER REDLINES 


MEAS/TM NO. 


DESCRIPTION 


PRELAUNCH 


MIN VALUE 


MAX VALUE 


TIME PERIOD/ACTION/NOTES 


VXL0007-A03 


Level, Reservoir Oil 


Fig. 5-2 


None 


Pump ON : Check from Auxiliary 

Hydraulic Pump Thermal 


VXC005 1-403 
(Temperature) 


Temperature, Reservoir 
Oil 


Coast Mode ON Command to 
T-5 sec. 

Pump OFF; Check from Auxiliary 

Hydraulic Pump Thermal 
Coast Mode ON Command to 
Flight Mode ON Command. 


VXLOOO 7-403 


Level, Reservoir Oil 


6 percent 


None 


From Auxiliary Hydraulic Pump Thermal 
Coast Mode ON (T-5 hr) to T-5 sec 
(Aux Pump ON) . 


VXM036-307 


4D11 Voltage (Bus) 
Aft No. 1 


26 vdc 


*31 vdc 


While busses are energized either by 
ground or internal electrical power to 
T-7 sec. Transients that occur during 
power transfer and load switching are 
not considered as deviations from 
limits . 

*N0TE: During the initial application 

of voltage to the engine buses 
the maximum allowable voltage 
may be 32 vdc max for a period 
not to exceed 60 sec. 


Ln 

I 


Ul 
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TABLE 5-3 (Sheet 6 of 6) 
AS-205 COUNTDOWN OBSERVER REDLINES 


MEAS/TM NO. 

DESCRIPTION 

PRELAUNCH 

TIME PERIOD/ACTION /NOTES 

MIN VALUE 


VXM0040-307 

4D21 Voltage (Bus) 
No. 2 

24.5 vdc 

**32.0 vdc 

While busses are energized, either by 
ground or internal electrical power 
to T-5 sec. Transients that occur 
during power transfer and load 
switching are not considered as devia- 
tions from limits. 





**30 vdc when on external power and 
RACS is being used. 

VXM050-307 

4D31 Voltage (Bus) Fwd 
No. 1 

26 vdc 

32 vdc 

While busses are energized, either by 
ground or internal electrical power, 
to T-7 sec. Transients that occur 
during power transfer and load 
switching are not considered as 
deviations from limits. 

VXM083-307 

4D41 Voltage (Bus) Aft 
No. 2 

51 vdc 

61 vdc 

While busses are energized either by 
ground or internal electrical power 
to T-7 sec. Transients that occur 
during power transfer and load 
switching are not considered as 
deviations from limits. 

N0063-411 

Misc, PU Oven Stability 
Monitor 

-0.30 vdc 
Below stab, 
strip chart 
level 

+0.30 vdc 
Above stab, 
strip chart 
level 

From 45 min after PU power ON to 
T -20 sec. 

NOTE: Redline becomes effective when 

measurement has come on scale 
and stabilized."' 
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TABLE 5-4 

^LIUM BOTTLE PRESSURE DECAY. REDLINES 


MEAS/TM 
NO. . 


PRELAUNCH 

■ 

DESCRIPTION 

MIN VALUE 


TIME PERIOD/ACTION/NOTES 

VXD0016^425 

Pressure, Cold Helium Sphere 

Fig. 5-6 
and 

Fig.- 5-7 

Fig. 5-6 
and 

Fig. 5^7 

One hour of bottle replenish hold. 

NOTE; C0005-405 is used, in conjunction 
with this redline to determine 
mass and must be at a stabilized 
value. 

VXD0019-401 

Pressure, Engine Control 
Helium Sphere 

Fig. 5-8 

Fig. 5-8 

One hour of bottle replenish hold. 

VXD0064-414 

Pressure, Helium Regulator 
Inlet >fod 1 (APS) > 

Fig. 5-9 

Fig. 5-9 

One hour of bottle replenish hold. 

VXD0068-415 

Pressure, Helium Regulator 
Inlet Mod 2 (APS)’ 

Fig. 5-9 

Fig. 5-9 

One hour of bottle replenish hold. 

VXD0160-403 

Pressure, Helium (Ambient) 

Fig. 5-10 

Fig. 5-10 ' 

One hour of bottle replenish, hold. 


-Sphere 

)> 



• 







TABLE 5-5 (Sheet 1 of 3) 

S-IVB-205 CRITICAL FLIGHT CONTROL MEASUREMENTS 


MEASUREMENT 

NUMBER 

TITLE 

CATEGORY 

COOOl-401 

Temp — Fuel Turbine Inlet 

Highly Desirable 

C0002-401 

Temp - Oxidizer Turbine Inlet 

Highly Desirable 

C0003-403 

Temp - Fuel Pump Inlet 

Highly Desirable 

C0004-403 

Temp - Oxidizer Pump Inlet 

Highly Desirable 

C0168-414 

Temp - Oxidizer Tank Outlet Mod 1 (APS) 

Highly Desirable 

C016 9-415 

Temp - Oxidizer Tank Outlet Mod 2 (APS) 

Highly Desirable 

C0170-414 

Temp - Fuel Tank Outlet Mod 1 (APS) 

Highly Desirable 

C0171-415 

Temp - Fuel Tank Outlet Mod 2 (APS) 

Highly Desirable 

DOOOl-401 

Press - Thrust Chamber 

Mandatory 

D0002-403 

y 

Press — Fuel Pump Inlet 

Highly Desirable 

00003-403 

Press - Oxidizer Pump Inlet 

Highly Desirable 

00008-401 

Press — Fuel Pump Oischarge 

Highly Desirable 

00014-403 

/ 

00016-425 

Press - Control Helium Regulator Oischarge 

Highly Desirable 

Press - Cold Helium Spheres 

Mandatory 

00017-401 

Press - GH2 Start Bottle 

Highly Desirable 

00018-401 

Press - Engine Regulator Outlet 

Highly Desirable 

00019-401 

Press - Engine Control Helium Sphere 

Mandatory 

00041-403 

Press - Hydraulic System 

Highly Desirable 

00042-403 

Press - Reservoir Oil 

Highly Desirable 

00064-414 

Press - Helium Regulator Inlet Mod 1 (APS) 

Highly Desirable 

00065-414 

Press - Helium Regulator Outlet Mod 1 (APS) 

Highly Desirable 

00068-415 

Press - Helium Regulator Inlet Mod 2 (APS) 

Highly Desirable 

00069-415 

Press - Helium Regulator Outlet Mod 2 (APS) 

Highly Desirable 

00105-403 

Press - LOX Tank Press Mod Helium Gas 

Highly Desirable 

00160-403 

Press - Helium (Ambient) Sphere 

Mandatory 

00177-410 

Press - Fuel Tank Ullage EOS 1 

Mandatory 

00178-410 

Press - Fuel Tank Ullage EOS 2 

Mandatory 

00179-424 

Press - Oxidizer Tank Ullage EDS 1 

Mandatory 

00180-424 

Press - Oxidizer Tank Ullage EDS 2 

Mandatory 

00183-409 

Press - LH2 Tank Nonpropulsive Vent 1 

Highly Desirable 

00184-409 

Press - LH2 Tank Nonpropulsive Vent 2 

Highly Desirable 

00241-401 

Press - GH2 Start Bottle (Backup Meas) 

Highly Desirable 

00242-401 

Press - Engine Control Helium Sphere 
(Backup Meas) 

Mandatory 


5-18 
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TABLE 5-5 (Sheet 2 of 3) 

S-IVB-205 CRITICAL FLIGHT CONTROL MEASUREMENTS 


MEASUREMENT 

NUMBER 

TITLE 

CATEGORY 

D0243-404 

Press - LOX NPV Nozzle No. 1 

Highly Desirable 

D0244-404 

Press - LOX NPV Nozzle No. 2 

Highly Desirable 

00247-403 

Press - Control Helium Regulator Discharge 
(Backup Meas) 

Highly Desirable 

*00248-425 

Press - Cold Helium Spheres (Backup Meas) 

Mandatory 

*00255-403 

Press - Helium (Ambient) Sphere 
(Backup Meas) 

Mandatory 

F0005-404 

Flowrate - Fuel Circulation Pump 

Highly Desirable 

GOOOl-403 

Position - Actuator Piston Pot Pitch 

Highly Desirable 

G0002-403 

Position - Actuator Piston Pot Yaw 

Highly Desirable 

G0003-401 

Position - Main Oxidizer Valve 

Highly Desirable 

G0004-401 

Position - Main Fuel Valve 

Highly Desirable 

GOOlO-401 

Position - PU System Ratio Valve 

Highly Desirable 

KOOOl-410 

Event - Fuel Tank' Vent Valve Closed 

Highly Desirable 

K0002-424 

Event - Oxidizer Tank Vent Valve Closed 

Highly Desirable 

K0012-401 

Event - Engine Ready Signal 

Highly Desirable 

K0014-401 

Event - Mainstage OK Pressure Switch 1 

** 

K0016-404 

Event — Oxidizer Tank Vent Valve 1 Open 

Highly Desirable 

K0017-410 

Event - Fuel Tank Vent Valve 1 Open 

Highly Desirable 

KOllO-403 - 

Event - Oxidizer Prevalve Closed 

Highly Desirable 

K0112-404 

Event - Fuel Prevalve Closed 

Highly Desirable 

K012 8-404 

Event - Switch Selector Output Monitor 

Highly Desirable 

K0132-404 

Event - APS Engine 1-1/1-3 Feed Valve Open 

Highly Desirable 

K0133-404 

Event - APS Engine 1-2 Feed Valve Open 

Highly Desirable 

K0134-404 

Event - APS Engine 2-1/2-3 Feed* Valve Open 

Highly Desirable 

K0135-404 

Event - APS Engine 2-2 Feed Valve Open 

Highly Desirable 

K015 7-401 

Event - Mainstage OK Pressure Switch 2 

** 

K0205-403 

Event - LOX Pass Valve Open Talkback 

Highly Desirable 

K0206-403 

Event - LOX Pass Valve Closed Talkback 

Highly Desirable 

K0207-411 

Event - LH2 Pass Valve Open Talkback 

Highly Desirable 


*MDAC-WD recoimnends that this measurement be added to the list of official 
flight control measurements. 

**0ne of these two measurements is mandatory. The other is highly desirable. 
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TABLE 5-5 (Sheet 3 of 3) 

S-IVB-205 CRITICAL FLIGHT CONTROL MEASUREMENTS 


MEASUREMENT 

NUMBER 

TITLE 

CATEGORY 

K0208-411 

Event - LH2 Pass Valve Closed Talkback 

Highly Desirable 

L0007-403 

Level - Reservoir Oil 

Highly Desirable 

M0014-404 

Volt - Output Aft Battery No. 1 

Highly Desirable 

M0015-404 

Volt - Output Aft Battery No. 2 

Highly Desirable 

M0016-411 

Volt - Output Fwd Battery No. 1 

Highly Desirable 

M0018-411 

Volt - Output Fwd Battery No. 2 

Highly Desirable 

M0019-411 

Current - Load Fwd Battery No. 1 

Highly Desirable 

M0020-411 

Current - Load Fwd Battery No. 2 

Highly Desirable 

M0021-404 

Current - Load Aft Battery No. 1 

Highly Desirable 

MO 02 2-404 

Current - Load Aft Battery No. 2 

Highly Desirable 

M0024-411 

Volt - 5 Volt Excitation Module Fwd 

Highly Desirable 

M0025-404 

Volt - 5 Volt Excitation Module Aft 

Highly Desirable 

M0030-411 

Volt - F/U 1 EBW Range Safety 

Highly Desirable 

MO 031-411 

Volt - F/U 2 EBW Range Safety 

Highly Desirable 

M0068-411 

Volt - 5 Volt Excitation Module Fwd 2 

Highly Desirable 

NOOOl-411 

Misc - PU System LH2 Coarse Mass Voltage 

Highly Desirable 

N0003-411 

Misc — PU System LOX Coarse Mass Voltage 

Highly-Desirable 

N0018-411 

Misc - PCM/FM Transmitter Output Power 

Highly Desirable 

NO 03 7-414 

Misc - Qty, Oxidizer Tank Mod 1 (APS) 

Highly Desirable 

N0038-415 

Misc - Qty, Oxidizer Tank Mod 2 (APS) 

Highly Desirable 

N0039-414 

Misc - Qty, Fuel Tank Mod 1 (APS) 

Highly Desirable 

N0040-415 

Misc - Qty, Fuel Tank Mod 2 (APS) 

Highly Desirable 

N0057-411 

Misc - Secure R/S Receiver 1 L/L Signal 
Strength 

Highly Desirable 

N0062-411 

Misc - Secure R/S Receiver 2 L/L Signal 
Strength 

Highly Desirable 

T0002-401 

Speed - Fuel Pump 

Highly Desirable 


5-20 
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TABLE 5-6 (Sheet 1 of 3) 
S-IVB-205 BLUELINE REQUII^I^NTS 


MEASUEIEMENT 

TITLE 

UNITS 

LIMITS 

EXPECTED 

TIME PERIOD OF BLUELINE 

NUMBER 

MINIMUM 

MAXIMUM 

VALUE 

APPLICABILITY 

C0102-411- 

Temp - Pwd Battery No. 1. ‘ 

deg F 

70 

140 

90 

• 

C0103-411 

Temp - Fwd Battery No. 2’ 

deg F 

70 

140 

90 

After battery is 

C0104-A04 

Temp -.Aft Battery No. 1 

deg F 

70 

140 

90 

► * 
stabilized. 

C0105-404 

Temp - Aft Battery No. 2 

deg. F 

70 

140 

90 


C02L1-411 

Temp - Fwd Battery No. 1 - Unit 2 

deg F 

70 

140 

90 

J 

D0545-407 

Press - Common Bulkhead 
Internal 

psia 


5.5 

<5.5 

Anytime prior to liftoff. 

MOOOl-411 

Volt - Static Inverter- 
Converter 

vac 

• 110.5 

119.5 

115 

From tum-on to T-3 sec. 

MOO 12-4 11 

Freq - Static Inverter- 
Converter 

cps 

396 

404 

400 

During inverter operation. 

M0014-404 

Volt - Output Aft Battery 
No. 1 

vdc 

29 

36 

29.5 

These open circuit voltages 
should be monitored from 
battery installation to 

MOO 15-404 

Volt - Output Aft Battery 
No. 2 

vdc 

64 

75 

72 

transfer to internal power. 
' 

M0016-411 

Volt - Output Fwd Battery 
No. 1 

vdc 

29 

36 

29.5 

These open circuit voltages 
should be monitored from 
'battery installation to 

M0018-411 

Volt - Output Fwd Battery 
No.- 2 

vdc 

29 

36 

29.5 

transfer to internal power. 

M0019-411 

Current - Load Fwd Battery No. 1 

amps 


, 50 
(58) 

40 

From transfer to internal 
power until liftoff 
(during battery heater 
operation) . 

M0020-411 

Current -- Load Fwd Battery No. 2 

amps 


5 

3.5 

From transfer to internal 
power until liftoff. 
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ui TABLE 5-6 (Sheet 2 of 3) 

S-IVB-205 BLUELINE REQUIRENJ2NTS 


MEASUREMENT 

TITLE 

UNITS 

LIMITS 

EXPECTED 

TIME PERIOD OF BLUELINE 

NUMBER 

MINIMUM' 

MAXIMUM 

VALUE 


APPLICABILITY 

M0021-404 

Current - Load Aft Battery No. 1 

amps 


15 

(30) 

7 

From transfer to internal 
power until liftoff 
(during battery heater 
operation) . 

M0022-404 

Current - Load Aft Battery No. 2 

amps 

— 

95 

90 

From transfer to internal 
power until liftoff 

M0026-404 

Volt - Phase A-B Fuel C/D Inv 

vac 

.54 

60 

56 


During inverter operation. 

-M002 7-404 

Volt - Phase A-B LOX C/D Inv 

vac 

54 

60 

56 


During inverter operation. 

MO 5 40- 4 04 

Volt - 4D41 Bus 

vdc 

54 

60 

56 



M0541-404 

Volt - 4D11 Bus (X035) 

vdc 

26 

30 

28 



M0542-411 

Volt - 4D21 Bus (X040) 

vdc 

26 

30 

28 



M0543-411 

Volt - 4D31 Bus (X065) 

vdc 

26 

30 

28 



MOO 3 8- 30 7 

Volt - 4D110 Bus 

vdc 

26 

30 

28 



MOO 4 3-30 7 

Current - 4D110 Bus 

amps 

— 

20 

10 



M0D44"3Q7 

CJyrrAnt » 40111 -Bus 

ampfl 


15 

7 



M0047-307 

Volt - 4D210 Bus 

vdc 

26 

30 

28 


►Anytime power is applied. 

M0048-307 

Volt.- 4D310 Bus 

vdc 

26 

30 

28 



M0053-307 

Current - 4D210 Bus 

amps 

(Note 1) 

15 

10 



M0054-307 

Current - 4D121 Bus 

amps 

— 

5 

3.5 


- 

M0057-307 

Current - 4D131 Bus 

amps 

— 

50 

40 



M0085-307 

Volt - 4D410 Bus 

vdc 

54 

60 

56 



MOO 8 7- 30 7 

Current - 4D141 Bus 

amps 

— 

110 

0 to 90 

4 

• 


NOTE 1: 40 amps during Remote Analog Calibration System (RAGS) 
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TABLE 5-6 (Sheet 3 of 3) 
S-IVB-205 BLTJELINE REQUIREMENTS 


MEASUREMENT 

NUMBER 

TITLE 


LIMITS 

EXPECTED 

TIME PERIOp OF BLUELINE 
APPLICABILITY 

UNITS 

MINIMUM 

MAXIMUM 

VALUE 

N0063-411 

Misc - PU Oven Stability 
Monitor 

■vdc 

-0.2 
below ' 
stabili- 
zed 
strip 
chart 
reading 

+0.2 
above ( 
Stabili- 
zed 

s trip . 

chart 

reading 

0 

During PU operation after 
temperature has stabilized. 
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1 of 15) 
S-IVB-205 STAGE 


ALTERNATIVES /MEAS. OTHER INFORMATION 

NUMBER/NOMINALS (SAFETY MARGINS, ETC.) 


Temperature, GG 1. Measures temperature of LH2 
Fuel Bleed Valve flowing through the bleed 

C0012-401 valve during chilldown. 

See figure 5-4 2. Bleed valve is located down- 

stream of LH2 pump. 

3. If satisfactory chilldown has 
been accomplished, the LH2 
bleed valve temperature will be 
approximately 1.0“R higher than 
the LH2 inlet temperature 
(C0003-403) . 

4. Must satisfy requirements 
defined in figure 5-4, at 

T -15 sec (in conjunction with 
fuel ullage pressure DOS 76-408) 

Temperature, Engine 1. Start bottle chilldown is 
Control Helium reflected by the temperature of 

C0007-401 the control helium sphere which 

See figure 5—5 is located with the GH2 start 

bottle. 

2. The two sphere temperatures wil' 
merge and stabilize after start 
bottle pressurization. 

3. If the two sphere temperatures 
are stabilized by T -2 min 

43 sec, the control helium 
sphere temperature may be used 
as a backup from this point on 
(see figure 5-5 for require- 
ments) . 
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TABLE 5*7 (Sheet 2 of 15) 

REDLINE BACKUP INFORMATION S-IVB-205 STAGE 


REDLINE 

MEASUREMENT TITLE 

REDLINE 
ME AS. NO. 

PROBABLE CAUSES OF 
EXCEEDING R.L, LIMITS 

ALTERNATIVES /MEAS . 
NUMBER/NOMINALS 

OTHER INFORMATION 
(SAFETY MARGINS, ETC.) 

Temperature, Hy- 
draulic Pump In- 
let Oil 

C0050-A01 

a. Auxiliary pump 
overheating 

b. High pressure 
relief valve 
failed open 

a. Temperature, 
Reservoir Oil 
VC0051-403 
Nominal; 70 “F 

1. Reservoir oil temperature 
usually lags pump inlet oil 
temperature by approximately 
20“F. 

2. Auxiliary pump overheating may 
be due to excessive heat rejec- 
tion of the electric motor 
which may be accompanied by 
higher than normal aft bus 

No. 2 current. 

3. High pressure relief valve 
failing open is accompanied by 
lower than normal hydraulic 

. system pressure. 

Temperature, Re- 
servoir Oil 

C0051-403 

* 

, Temperature, 
Hydraulic Pump 
Inlet Oil C0050- 
403 

Nominal; 70 ®F 

*This measurement is to be used to 
determine whether adequate reser-. 
voir oil level (L0007-403) exists 
at the indicated oil temperature. 

(Reference; Figure 5-2) • 

Temperature, Oxi- 
dizer Tank Outlet 
Modi APS 

C0168-414 

■ 

Failure of stage 
environmental con- 
trol purge system 

Temperature , Fuel 
Tank Outlet Mod 1 
S-IVB APS C0170- 
414 

.Minimum: 535 “R 
Maximum; 560 ®R 
Nominal: 550 “R. 

Fuel and oxidizer temperature will 
be stable and equal after approxi- 
mately 3 hours of ECS operation. 
Consequently, the fuel temperature 
may be monitored as a redlihe back- 
up and. must be between 535 and 
560°R at T -15 min. 

Temperature,- Oxi- 
dizer Tank Outlet 
Mod 2 APS 

C0169-415 

Failure of stage 
environmental con- 
trol purge system 

Temperature, Fuel 
Tank Outlet Mod 2 
S-IVB APS C0171- 
415 ■ 

Fuel and oxidizer temperature will 
be stable and equal after approxi- 
mately 3 hours of ECS .operation. 

■ 
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TABLE 5-7 (Sheet 3 of 15) 

’’.'Sr'LINE BACKUP INFORMATION S-IVB-205 STAQE 


SEDLINE 

MEASUREMENT TITLE 


REDLINE PROBABLE CAUSES OF 
MEAS. NO, EXCEEDING R.L. LIMITS 


Temperature, 
Thrust Chamber 
Jacket 


CO 199-401 a. Insufficient 

GSE performance 


Pressure, Control • D0014-4D3 a. tlegulator failure 
He Regulator b. Excessive leakage 
Discharge 


Pressure, Cold 
He Sphere 


DOO 16-425 a. Ground rsQulator 
failure 

b. Improper regu- 
lator setting 


ALTERNATIVES /MEAS . 
NUMBER/NOMINALS 

OTHER INFORMATION 
(SAFETY MARGINS, ETC.) 

Minimum: 535°R 

Consequently, the fuel temperature 

Maximum: 560 “R 

may be monitored as a redline 

Nominal: 550 ®R 

backup and must be between 535 
and 560“R at T -15 min. 

Temperature, LH2 

1. In the event of C0199 failure. 

Injection 

C0200 can be used. The ex— 

C0200-401 

pec ted injection temperature 

Prior to initia- 

will be higher than the T/C 

tion of automatic 

jacket temperature. The tern- 

sequence. 

perature (C0200) shall be 

Minimum: None 

below 290®R at liftoff to 

Maximum: 330 *R 

prevent excess back-pressure 

Nominal; 305 “R 

on the injector at J-2 igni- 

At T -5 sec. 
Minimum: None 

tion. 

Maximum: 290 "R 


Nominal; 280 “R , 


Pressure, Control 

Irlhe biackup' requiremfeffts are •• 

He, Regulator Dis- 

the same as for primary red- 

charge Backup 

line. 

Measurement D0247- 

2. Check from time of sphere 

403 

Minimum: 455 psia 

pressurization to T -5 sec. . 

Maximum: 585 psia 


Nominal; 540 psia 


Pressure, Cold He 

1. The backup requirements are 

Sphere Backup 

the same as for primary red- 

No. 1 D0263-403 

line. 

and Pressure, Cold 

2. Check from sphere pressurlra- 
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TABLE 5-7 (Sheet 4 of 15) 

. EEDLINE BACKUP INFORMATION 'S-ITO-205 STAGE 


EEDLINE 

MEASUREMENT TITLE 

REDLINE 
MEAS. NO. 

PROBABLE CAUSES OF 
EXCEEDING R.L. LIMITS 

ALTERNATIVES/MEAS'. 

NUMBER/NOMINALS 

OTHER INFORMATION 
(SAFE^ MARGINS, ETC.) 



c. Check valve failed 
closed 

He Sphere Backup 
No. 2 D0261“403i 

tion to T -5 sec. 



d. Vent and/or dump 
relief valve 

Minimum: 2 , 800 psia 
Maximum: 3,200 psia 




e. Excessive leakage 

Nominal: 3,000 psia 


Press, GH2 Start 
Bottle ' 

D0017-401 

a. Check valve be-, 
tween start bottle 
and LH2 injector 
fails open 

b. Vent and relief 

Pressure GH2 Start . 
Bottle Backup 
Measurement 
See figure 5-5 
D0241-401 

1. The backup requirements are the 
same as for primary redllne. 

2. This backup pressure should be 
used in conjunction with teta- ■ 
perature GH2 start bottle 



valve failed to 
close 

c. Excessive ground 
pressure 


. (C0006-401). 



d. Excessive hold 
time’ 

e. Excessive heat- 
ing rate 

f. Excessive leakage 



Pressure, Engine 
Control .He 

D0019-401 

a. Improper ground 
supply pressure 

Pressure, Engine 
Control He Sphere 

1. The backup requirements 'are the 
same as for the primary redline. 

Sphere 


b. Relief valve ■ 
failure 

c. Excessive hold 

Backup Measurement 
D0242-401 

Minimum; 2,800 psia 

2. Check from time of sphere pres- 
surization to Initiation of 
auto sequence (IAS) . 




time 

d. Excessive start 
bottle tempera- 
ture 

e. Excessive leakage 

'Maximum: 3,300 psia 
Nominal: 3,100 psia 

Note: 2,800 to 3,200 psia are 
design limits. However, 
for AS-205 only, • 

2,500 psia is acceptable 
from Mission Requirements 
standpoint, as long as it 
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REDLINE BACKUP INFORMATION S-IVB-205 STAGE 

V I 1 ^ 1 r 


REDLINE REDLINE PROBABLE CAUSES OF ALTERNATIVES/MEAS . OTHER INFORMATION 

MEASUREMENT TITLE MEAS. NO. EXCEEDINQ R.L. LIMITS NUMBER/NOMINALS (SAFETY MARGINS, ETC.) 




i 

i 

Minimum: 2,800 psia 
Maximum: 3,375 psia 
Nominal; 3,150 psia 

is verified that no sys- 
tem leaks exist. 

1. Same comment as above. 

2. Check from IAS to T -5 sec. 
(See note) 

Pressure, Hy- 
draulic System 

D0041-403 

a. Auxiliary Hydrau- 
lic pump motor or 
pressure compen- 
sator failure. 

b. Leak or break in 
hydraulic system 

c. High pressure 
relief valve 
setting drops to 
lower pressure 

a. GN2 Accumulator 
Pressure 
D0043-403 
Nominal: 3,600 
psia 

b. Pressure, 
Reservoir Oil 
D0043-403 
Nominal: 170 
psia 

Loss of excessive fluid from 
hydraulic lines or reservoir will 
cause auxiliary hydraulic pump to 
cavitate and fluctuate in pres- 
sure level. 

High pressure relief valve is set 
to relieve at 4,000 psid. If 
pressure setting of valve decays 
below setting of pump pressure 
compensator, the system pressure 
will decay proportionately. 

Pressure, Reser- 
voir Oil (Aux 
Pump Off) 

D0042-403 

a. Accumulator gas 
leakage 

b. External oil ’ 
leakage 

a. Pressure, GN2 
Accumulator 
D0043-403 
Nominal: 2,350 
psia 

1. Required to insure adequate 
aux pump inlet pressure at 
pump start. 

2. Reservoir oil pressure is 
developed through a piston 
powered by GN2 accumulator 
pressure. 

Pressure, Helium 
Regulator Inlet 
Mod 1 (APS) 

D0064-414 

a. Ground regulator 
failure 

b . Check valves 
failed closed 

c. System leakage 

Pressure, Helium 
Regulator Inlet 
Mod 1 Backup 
Measurement 
DO 252-414 

Minimum: 2,800 psia 
Maximum: 3,200 psia 
Nominal: 3,000 psia 

1. The backup ’requirements are 
same as for primary redline. 

2. Check from T -15 min to T -5 
sec. 
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IMTION S-ITO-205 STAGE 

ALTERNATIVES /MEAS . • 
NUMBER/NOMINALS 

Pressure, Helium > 1 
Regulator Inlet 
Mod 2 Backup 2 

' Measurement 
00253^415 

Minimum: 2,800 psia 
Maximum: 3,200 psia 
Nominal: 3,000 psia 

Pressure, Oxidizer 1 
Tank Ullage Mad 1 
APS DO69O-414 
Minimum: 203 psia 
Maximum: 216 psia 2 

Nominal: 211 psia 

Pressure,. Fuel Tank' 
Ullage Volume Mod 1 ' 
(APS) D0089-414 
Mnimum: 203 psia 
Maximum: 216 psia • 
Nominal : 211 psia 

Pressure, Fuel Tank 
Supply, Manifold 
Mod 1 (APS) D0063- 
414 

Minimum: 203 psia 
Maximum: 216 psia 
Nominal: 211 psia 


OTHER INFORMATION 
(SAFETY MARGINS, ETC.) 

1. The backup requirements are 
same as for primary redline, 

2. Check from T -15 min to T -5 


Outlet pressure and ullage 
pressure will be equal with 
the system pressurized and ] 
in a static condition. 

Ullage pressure mist be bet- 
ween the limits of 203 and 
216 psia from system pressur- 
ization to T -5 sec. 
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REDLINE BACKUP INFORMATION S-IVB-205 STAGE 


5-30 

REDLINE 

MEASUREMENT TITLE 

REDLINE 
MEAS. NO. 

PROBABLE CAUSES OF 
EXCEEDING R.L. LIMITS 

ALTEENATIVES/MEAS . 
NUMBER/NOMINALS 

OTHER INFORMATION 
(SAFETY MARGINS, ETC.) 


Pressure, Oxi- 

D0095-415 

a. He control module 

Pressure, Oxidizer 

1. Outlet pressure and ullage 


dizer Tank Outlet 


failure 

Tank Ullage Mod 2 

pressure will be equal with 


Mod 2 (APS) 


b. System leakage 

(APS) D0092-415 

the system pressurized and 




c. Quad check valves 

Minimum: 203 psia 

in a static condition. 




sticking 

Maximum: 216 psia 

2. Ullage pressure must be 





Nominal: 211 psia 

between the limits of 203 






and 216 psia from system 





Pressure, Fuel Tank 

pressurization to T -5 sec. 





Ullage Volume Mod 2 






(APS) D009 1-415 






Minimum: 203 psia 


cn 




Maximum: 216 psia 


rt 




Nominal: 211 psia 






Pressure, Fuel Tank 


H 




Supply Manifold 






Mod 2 (APS) D0067- 


O' 

00 




415 






Minimum: 203 psia 



* 



Maximum; 216 psia 






Nominal: 211 psia 



Pressure, Helium 

D0160-403 

a. Ground regulator 

Pressure, Helium 

1. The backup requirements are 


Ambient Sphere 


failure 

Ambient Sphere 

the same as for the primary 




b. Improper regulator 

Backup Measurement 

redline. 




setting 

D0255-403 

2. Check from sphere pressuri- 




c. Check valves fail- 

Minimum: 2,800 psia 

zation to T -5 sec. 




ed closed 

Maximum: 3,200 psia 






Nominal: 3,000 psia 
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REDLINE BACKUP INFORMATION S-IVB-205 STAGE 


REDLI^ 

MEASUREMENT TITLE 

REDLINE • 
MEAS. NO. 

PROBABLE CAUSES OF 
EXCEEDING R.L. LIMITS 

ALTERNATIVES /MEAS . 
NUMBER/NOMINALS 

OTHER INFORMATION 
(SAFETY MARGINS, ETC.) 



d. Vent and/or relief 
valve failed open 

e. Excessive leakage 


. - 

Pressure, Fuel 
Tank Ullage 

1 

DO 576-40 8 

a. Vent valve open 
or excessive leak- 
age 

b. Ground regulator 
malfunction 

c. Pressurization 
switch malfunction 

d. GSE pressurization 
valve malfunction' 

Pressure, Fuel Tank 
Ullage EDS 1 D0177- 
410 

See figure ‘5-4 for 
liftoff box and for 
back pressure 
Minimum: None 
Maximum: 17.2 psia 
Nominal: 16.5 psia 

1. This measurement must-be 
requested via the lU 
Digital Select. 




Pressure, Fuel Tank 
Ullage EDS 2 
DO 17 8-424 

See figure 5.-4 for 
liftoff box and for 
back pressure 
Minimum: None 
Maximum: 17.2 psia 
Nominal: 16.5 psia 


Pressure, Oxi- 
dizer Tank 
Ullage 

1 

D0577-406 

a. Backup relief vent 
valve open or ex- 
cessive leakage 

b. Ground regulator 
malfunction 

c. Pressurization 
switch malfunction 

d. GSE pressurization 
malfunction 

Pressure, Oxidizer 
Tank Ullage EDS 1 
D0179-424 
Minimum: 38 psia 
Maximum; 44 psia 
Nominal; 40 psia 

Pressure-, Oxidizer 
Tank Ullage EDS 2 

1. This measurement mist be 
requested via the lU 
Digital Select. 

.2. This parameter may be used 
directly as a backup for 
the ullage pressure. 

3. Ullage pressure must be 
between the limits of 37 
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MA.TION S-IVB-205 STAGE 

ALTERNATIVES /MEAS. 

NUMER/NOMINALS 

D0180-424 

Minimum; 38 psia 

Maximum: 44 psia 

Nominal; 40 psia 

a. Delta Pressure, 
Oxidizer Pump 
Tank Ullage 
D0003-403 minus 
D0577-406 
Minimum; 13 psid 
Maximum: 18 psid 
Nominal: 16 psid 

b. Temperature, Oxi- 
dizer Pump Inlet 
C0004-403 
Minimum: None 
Maximum; 166 
Nominal: 164°R 


OTHER INFORMATION 
(SAFETY MARGINS, ETC.) 

to 44 psia from T -15 min 
to T “5 sec. 


The delta pressure is the pre- 
ferred way to detect the recir- 
culation anomaly. But in case 
one of the pressure measure- 
ments fail, the pump inlet 
temperature can be used as a 
backup. The temperature 
change will be slow if the 
recirculation fails . 


Delta Pressure, Fuel 
Pump Inlet minus 
Fuel Tank Ullage 
D0002-403 minus 
D0576-408 
Minimum: 6 psid 

Maximum: 10 psid 
Nominal: 8 psid 


The delta pressure Is the pre- 
ferred way to detect the recir- 
culation anomaly. But in case 
DOOO 2-403 pressure measure- 
ment fails, the pump inlet 
temperature redline (see figure 
5-1) can be used as a backup . 
The temperature change will be 
slow if the recirculation fails. 
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REDLIKE BACKUP INFORMATION S-IVB-205 STAGE 


REDLINE 

MEASUREMENT TITLE 

REDLINE 
ME AS. NO. 

PROBABLE CAUSES OF 
EXCEEDING R.L. LIMITS 

ALTERNATIVES /MEAS. 
NUMBER/NOMINALS 

OTHER INFORMATION 
(SAFETY MARGINS, ETC.) 

Position, Pitch 
Actuator 

GOOOl-403 

a. Bias on servo 
signal from lU 
guidance computer 

b. Loss of hydraulic 
pressure due to 
auxiliary hy- 
draulic pump 
failure, hose 
failure, etc. 

During S-IVB Burn 
Mode the Measure- 
ment GOOO 1-403 
(via lU) can be 
used for an al- 
ternate. 

Minimum: -1.5 deg 
Maximum: +1.5 deg 
Nominal: 0 deg 

The only alternate or backup for 
this redline is during S-IVB bum 
mode. The burn mode is a small 
part of the total applicable time. 
Essentially there is no backup for 
this redline. 

Position, Yaw 
Actuator 

G0002-403 

'a. Bias on servo 
signal from lU 
guidance computer 
b. Loss of hydraulic 
pressure due to 
auxiliary hy- 
draulic pump 
failure, hose 
failure, etc. 

During E-IVB Burn 
Mode the Measure- 
ment G0002-403 
(via lU) can be 
used for an al- 
ternate. 

Minimum: -1.5 deg 
Maximum: +1.5 deg 
Nominal: 0 deg 

The only alternate or backup for 
this redline is during S-IVB burn 
mode. The burn mode is a small 
part of the total applicable time. 
Essentially there is no backup for 
this redline. 

Position, 
rU Valve 

GOOlO-401 

a. PU activate OFF 
failure 

b. Mechanical fail- 
ure in PU valve 
motor gear 
assembly 

None 

PU activate is interlocked for 
start of automatic sequence. 

Event, Cutoff 
Signal 

K0013-401 

Loss of engine ready 
signal when engine 
cutoff is ON 

None 

The signal should drop from ON tO' 
OFF following Engine Ignition 
Power ON and remain OFF. 

The following test can be con- 
ducted to verify if the cutoff 
circuit is operative and in the 
proper state. 
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REDLINE BACKUP INFORMATION S-IVB-205 STAGE 


REDLINE 

MEASUREMENT TITLE 

REDLINE 
MEAS. NO. 

PROBABLE CAUSES OF 
EXCEEDING R.L. LIMITS 

ALTERNATIVES /MEAS . 
NUMBER/NOMINALS 

OTHER INFORMATION 
(SAFETY MARGINS, ETC.) 

Event, Cutoff 

Signal 

(Continued) 




Verify that K0140 (Switch 
Selector Cutoff) is ON; cutoff 
indication on the C4EN panel is 
ON; non-programmed cutoff is OFF; 
Engine Control and Ignition Power 
are ON, and Engine Ready (K0012) 
is ON. 

a. Send RAGS and verify strip 
chart operation to check 
ins truraentation . 

b. Remove ignition power (verify 
Engine Ready goes OFF) . 

c. Remove K0140 (Switch Selector 
Cutoff OFF). (Verify cutoff 
indication on C4EN remains ON) . 
NOTE: If C4EN cutoff indication 

goes OFF with the removal 
of K0140, immediately 
turn off engine control 
power. 

d. Send Engine Ready Bypass. 
(Verify cutoff indication on 
C4EN goes OFF.) 

e. Send K0140 (Switch Selector. 
Cutoff) to Safe Engine. 

A negative finding will require 
• additional electronics analysis 
and disposition. 
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■REDLINE BACKUP INFORMATION S-IVB-205 STAGE 


REDLINE 

MEASUREMENT TITLE 

REDLINE 
MEAS. NO. 

PROBABLE CAUSES OF 
EXCEEDING R.L. LIMITS 

ALTERNATIVES /MEAS . 
NUMBER/NOMINALS 

OTHER INFORMATION 
(SAFETY MARGINS, ETC.) 

Level, Reservoir 
Oil (Aux Pump ON) 

LOGO 7-403 

a. External leakage 

b. System underfilled 

a. Pressure Hy- 
draulic Sys- 
tem D0041-403 
Nominal: 3,600 
psia 

b. Pressure . 
Reservoir Oil 
D0042-403 
Nominal: 170 
psia 

(Aux Pump ON) 

If reservoir oil is too low, the 
pump will cavitate after start 
and hydraulic system pressure will 
not rise to minimum level'. 

Observe low level light. Light 
indicates when oil level drops 
below the range of 9.54 tp 
11.02 percent. 

Level, Reservoir 
Oil (Aux Pump 
OFF) 

L0007-403 

a. System leakage 

b. System underfilled 

Pressure 
Reservoir Oil 
D0042-403 
Nominal: 170 psia 
(Aux Pump ON) 

1. If auxiliary pump is. OFF, -turn 
ON and check alternate pressure 
measurement; 

2- If auxiliary pump is OFF, turn 
ON and observe low level li^t. 
Light indicates below the range 
of 9.54 to 11.02 percent. 

Voltage, Aft 
Bus No . 2 

M0540-404 

*M0083- 

307 

Ground power mal- 
function when on 
external power or 
battery malfunction 
when on internal . 
power. 

M0015-404 Volt, 
Output, Aft 
Battery No. 2/ 
56 vdc 

M0085-307 4D410 
ESE Bus Volt/ 

56 vdc 

1. With proper allowances for the 
potential difference between 
GSE and vehicle voltage busses, 
measurement M0085-307 is a 
redline alternate when ,on 
external pm^er and measurement 
M0015-404 is a redline’ alter- 
nate when on internal power. 

*This measurement 

of the +4 d4 

1 bus is the NASA KSC e( 

luivalent of redllne 

measurement M0540-404. 
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REDLINE BACKUP INFORMATION S-IVB-205 STAGE 


REDLINE 

MEASUREMENT TITLE 


REDLINE 
MEAS. NO- 


PROBABLE CAUSES OF 
EXCEEDING R.L. LIMITS 


ALTERNATIVES/MEAS . 
NUMBER/NOMINALS 


OTHER INFORMATION 
(SAFETY MARGINS, ETC.) 


Voltage, Aft 
Bus No. 2 
(Continued) 


2. During the time that the chill- 
down inverters are energized, 
the inverter phase voltages 
(M0026-404, M0027-404, M0040- 
404, M0041-404, M0044-404, 
M0045,404, M0046— 404, and 
M0047-404) will give a gross 
indication of whether aft bus 
No. 2 is ON or OFF. 

3. The design limits of the chill- 
down inverters established the 
redline limits of the bus. 

4. ”+4Dll Supervision Network 
No. 4 OK" is a S-IVB ready for 
launch interlock. 


Voltage, Aft 
Bus No . 1 


MO 54 1-40 4 
**M0036- 
307 


Ground power mal- 
function when on 
external power or 
‘battery malfunction 
when on internal 
pother. 


M0038-307 4D110 
ESE Bus Volt/ 

28 vdc 


M0014-404 Volt, 
Output Aft Batt 
No. 1/28 vdc 


1. With proper allowances for the' 
potential difference between 
GSE and vehicle voltage busses, 
measurement M0038-307 is a red- 
line alternate when on external 
power and measurement M)014-404 
is a redline alternate when on 
internal power. 

2. Within the limitations of T/M 
monitoring, the engine control 
and ignition bus measurements 
(M0008-401 and M0007-401) give 
an indication of aft bus No. 1 
during engine power ON. 

3. The design limits of the engine 
control bus (Rocketdyne Speci- 
fication R-3925-1) established 
the redline limits of the bus. 

iy>'<This measurement o f the +4D11 bus is the KSC eoulvalent of redline measurement MO 541 -404. 
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OTHER INFORMATION 
(SAFETY MARGINS, ETC.) 


”+4Dll Supervision Network 
No. 3 OK" is a S-IVB ready for 
launch interlock. 

With proper allowances for the 
potential difference between 
GSE and vehicle voltage buses , 
measurement M0047r307 is a red- 
line alternate when on external 
power and measurement MOOl 8-401 
is a redline alternate when on 
internal power. 

During the time that the in- 
verter-converter (MOOOl-411, 
M0004-411, and M0023-411) and 
fwd 5v excit mod No. 2 (M0068- 
411) are energized, they will 
give a gross indication of 
whether fwd bus No. 2 is ON 
or OFF. 

The design limits of the PU 
inverter-converter and PU elect 
assy established the redline 
limits of the bus. 

"+4D21 Supervison Network No. 2 
OK" is a S-IVB ready for launch 
Interlock. 


measurement M0542-411 
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REDLINE BACKUP INFORMATION S-IVBr205 STAGE 


Oi 

I 

(jj 

00 


REDLINE 

MEASUREMENT TITLE 

REDLINE 
MEAS. NO. 

PROBABLE CAUSES OF 
EXCEEDING R.L. LIMITS 

ALTERNATIVES /MEAS . 
NUMBER/NOMINALS 

OTHER INFORMATION 
(SAFETY MARGINS, ETC.) 

Voltage, Fwd Bus ; 
No, 1 

M0543-411 

****M0050- 

307 

Ground power mal- 
function when on 
external power or 
battery malfunction 
when on internal 
power. 

M0048-307 4D310 
ESE Bus Volt/ 

28 vdc 

M0015-411 Volt, 
Output Fwd Batt 
1/28 vdc 

1. With proper allowances for the 
potential difference between 
GSE and vehicle voltage buses, 
measurement M0048-307 is a red- 
line alternate when on external 
power and measurement M0016-411 
is a redline alternate when on 
internal power. 

2. During the time that the fwd and 
and aft 5v exc,it modules (MOO 24- 
411 and M0025-404) are ener- 
gized, they will give a gross 
indication of whether fwd bus 
No. 1 is ON or OFF. 

3. The design limits of the switch 
selector (NASA Spec. 50M71765) 
established the redline limit. 

4. "+4D31 Supervision Network 

No. 1 OK” is a S-IVB ready for 
launch interlock. 

Misc, PU Oven 

Stability 

Monitor 

- NOO 63-411 

Temperature in PU 
oven drops below 
80°C due to heater 
power failure 

No Backup 

An out of tolerance indication at 
liftoff would indicate a propel- 
lant loading error and the possi- 
bility of a depletion cutoff in 
flight. 


****This measurement of the +4D31 bus is the NASA KSC equivalent of redline measurement M0543-411. 




FUEL INLET TEMPERATURE (°R) (C0003-403) 






AUXILIARY PUMP OFF 
RESERVOIR OIL LEVEL (%) 
(VXL0007-403) 


Ui 

I 

O 



RESERVOIR OIL TEMPERATURE (’’F) 
{VXC0051-403) 


Figure 5-2. Hydraulic Reservoir Level Critical Limits 



Figure 5-3. GH2 Start Bottle Liftoff Box 








FUEL GG BLEED VALVE (°R) 








START BOTTLE PRESSURE (PSIA) 















Figure 5-7. AS-205 Cold Helium Leak Check Criteria 






FINAL HELIUM CONTROL BOTTLE PRESSURE (PSIA) (00019-401) 



Figure 5-8., S-IVB-205 Ambient Helium Control Bottle (J-2 Engine) 
Leak Check Criteria 


5-46 


September 1968 





Figure 5-9. S-IVB-205 APS Helium Bottles Leak Check Criteria 
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INITIAL PRESSURE (PSIA) (D0160-403) 
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Figure 5-10. S-IVB-205 Stage Pneumatic Helium Leakage Criteria 
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SECTION 6 
FLIGHT TEST MANAGEMENT 


6 . 


FLIGHT TEST MANAGEMENT 


This section defines the responsibilities of the McDonnell Douglas 
Astronautics Company - Western Division (MDAC-WD) relative to the data 
flow, flight test evaluation, and documentation of the S-IVB-205 stage 
flight test. 

6.1 Flight Test Responsibilities 

MDAC-WD personnel will perform postflight evaluations of the S-IVB-205 
stage at the following locations: 

a. Kennedy Space Center (KSC) , Cape Kennedy, Florida 

b. Marshall Space Flight Center (MSFC) , Huntsville, Alabama 

c. MDAC-WD, Huntington Beach, California. 

At KSC, MDAC-WD is represented by the Florida Test Center (FTC) Test 
Planning and Evaluation (TP&E) Committee; at Huntington Beach (HB) , 
MDAC-WD is represented by the MDAC-WD/HB TP&E Committee; and at MSFC, 
by the MDAC— WD/MSFC liaison team. 

The MDAC-WD/HB and MDAC— WD/FTC TP&E Committees consist of -personnel 
assigned from Saturn Engineering sections and branches. Their functions 
are to: 

a. Coordinate postflight evaluation 

b. Provide information for all contractual documentation 

c. Coordinate test planning for future flights. 

The onsite quick-look postflight evaluation, consisting primarily of 
analog data evaluation, is performed by the MDAC-WD/FTC TP&E Committee, 
and the results are transmitted to: 

a. National Aeronautics and Space Administration (NASA) , Kennedy 
Space Center 

' b. MDAC-WD/HB TP&E Committee 
c. MDAC -WD/MSFC liaison team. 

The major postflight evaluation is conducted at MDAC-WD/HB and consists 
primarily of analyses from digital data, 
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All analyses conducted at MDAC-WD/FTC and MDAC-WD/HB are transmitted to 
the MDAC-WD/MSFC liaison team. This liaison team transmits information 
between MDAC-WD and MSFC, provides the MSFC Flight Evaluation Working 
Group (FEWG) with required information, and performs rapid analyses in 
response to FEWG requests. In addition, the liaison team participates in 
many of the MSFC postflight evaluations which contribute to, or parallel, 
MDAC-WD postflight evaluation efforts. 

6.2 ’Postflight Communication 

The following means of communication (figure 6-1) have been established 
to expedite transmittal of evaluation information: 

a. Teletype (TWX) communications between MDAC-WD/HB, MDAC-WD/MSFC, 
and MDAC-WD/FTC 

b. Facsimile communications between MDAC-WD/HB, MDAC-WD/MSFC, 
and MDAC-WD/FTC 

c. Data phone link between MDAC-WD/MSFC and MDAC-WD/HB. 

Transmittal of classified material between MDAC-WD facilities by any of 
the above means is not authorized. A standard format is used for trans- 
mission of unclassified data by TWX or facsimile. 

To insure rapid and controlled data transmission between locations, it is 
highly desirable that all information be channeled through one coordinator 
of flight information at each location. 

6 . 3 Documentation 

MDAC-WD prepares and publishes certain documents for each S-IVB stage 
flight. The documents, listed in the approximate order in which they 
will be published, are as follows: 

Preflight 

a. Douglas Drawing 1B43558, Saturn S-I'VB— 205 Instrumentation 
Program and Components List (reference 6) 

b. Douglas Report No. SM-46538', Douglas S-IVB Stage Data 
Acquisition Requirements Document for Saturn IB Flights ' • 
(reference 7) 
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c. Douglas Report No. SM-46978, S-IVB-205 Stage Flight Test Plan 

(reference 8) 

d. Douglas Report No. DAC— 566.71, S-IVB-205 Stage Technical 
Performance Criteria -Document (reference 9) . 

Postflight 

a. Quick-Look Assessment Report (second morning following launch) 

b. FTC Ground Systems Evaluation Report (10 days) 

c. FTC Preliminary Flight Evaluation Report (2 wk) (Reference 10) 

d. Written Informal Evaluation Inputs to MSFC/FEWG (28 days) 

e. Douglas Report No. SM-46990, S-IVB-205 Stage Flight Evaluation 
Report (60 days) (reference 11) . 

Descriptions of the contents are presented in the following paragraphs. 

6.3.1 Saturn S-IVB-205 Instrumentation Program and Components List, 
1B43558 (reference '6) 

This drawing contains all the telemetry measurements of the S-IVB-205 
stage. A partial list of its contents is as follows: 

a. Measurement numbers 

b. Component part numbers 

c. Reference designation numbers 

d. Telemetry channel coding definitions 
-e. Measurement list 

f. Measurement matrix by area and function 

g. Measurement locations, illustrations, and index. 

All sections of the Instrumentation Program and Components List are 
revised as necessary to reflect current instrumentation information. 
Revisions are controlled by the Saturn Project Office - Test at 
MDAC-WD/HB. 
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6.3.2' Douglas S-IVB Stage. Data Acquisition Requirements Document for 
Saturn IB Flights, SM-46538 (reference 7) 

This document describes - the detailed data requested by MDAC-WD/HB for 
evaluation of the S-IVB stage of the Saturn IB flights. The requested 
data will be provided by KSC, Goddard Space Flight Center (GSFC) , and 
MSFC. 

6.3.3 S-IVB-205 Stage Flight Test Plan, SM-46978 (reference 8) 

The contents of the S-IVB-205 Stage Flight Test Plan are described in 
section 1, Introduction, of this document. This document .is prepared by 
the MDAC-WD/HB Saturn S-IVB TP&E Committee. 

6.3.4 S-IVB-205 Stage Technical Performance Criteria Document, 

DAC-56671 (reference 9) 

This document contains the S-IVB-205 stage technical performance criteria 
which will be used to determine the Contractors cost plus incentive fee 
bonus or penalty pertaining to mission accomplishment, payload 
capabilities, and telemetry performance. This document is prepared by 
the MDAC-WD/HB Saturn S-IVB TP&E Committee. 

6.3.5 Quick-L ook Assessment Report (second morning following launch) 

On the second morning following launch, the MDAC-WD/FTC TP&E Committee 
supplies to KSC an input to the quick-look assessment report. This 
input is based upon available data on the stage and stage oriented GSE. 
Included in the quick-look evaluation are a brief description of system 
performance, mission objective accomplishment, and any .malfunction which 
may have occurred. The time period covered is from the last day of 
launch countdown through powered flight. 

6.3.6 FTC Ground Systems Evaluation Report (10 days) 

The pDAC-WD/FTC TP&E Committee will prepare an evaluation report on the 
performance of the MSFC and KSC supplied, S-IVB oriented GSE. This 
covers evaluation of both mechanical and electrical GSE used during 
launch countdown. This report will be transmitted to KSC. 
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6.3.7 FTC Prsl-iminary Fliglit Evaluation Report (2 wk) (Reference 10) 


The MDAC-WD/FTC TP&E Committee will compile, publish, and distribute the 
Preliminary Flight Evaluation Report 2 weeks after launch. It will be the 
final FTC effort and will summarize the CDDT, FRT, countdown and powered 
flight, discuss possible causes of malfunctions, and recommend any 
corrective action required. 

6.3.8 MDAC-WD Inputs to MSFC/FEWG 

The MDAC-WD/MSFC liaison team will summarize the results of the 
MDAC-WD/FTC flight evaluations as they are completed during the four 
weeks subsequent to launch. These summaries, as they become available, 
will be input to the FEWG and will constitute the MDAC-WD input to the 
MSFC Saturn Vehicle Flight Evaluation Report. 

In addition, 62 days after launch, .MDAC-WD will review its portion of the 
FEWG report to ensure the technical accuracy and adequacy of evaluation. 

6.3.9 S-IVE-205 Stage Flight Evaluation Report (60 days) (Reference 11) 

Sixty days after launch the MDAC-WD/HB TP&E Committee will write, publish 
and distribute Douglas Report No. SM-46990, S-IVB-205 Stage Flight 
Evaluation Report . The data for evaluation will be required at MDAC-WD/HB 
15 days after launch, thereby allowing 45 days for preparation of the 
report. Tentative evaluation meetings and documentation schedules are 
shown in tables 6-1 and 6-2. A flight evaluation report outline 
delineating the responsible design technologies is presented in 
table 6-3. 
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TABLE 6-1 

TENTATIVE AS-205 FLIGHT EVALUATION MEETING SCHEDULE 


DAYS AFTER 
LAUNCH 

EVENT SCHEDULES' 

MEETING 

LOCATION 

1 

Flight Review Meeting 

MSEC 

6 

First "How-Goes-It" Meeting 

MDAC-WD/HB 

10 

First General Evaluation Meeting 

MSFC 

13 

Second "How-Goes-It" Meeting 

MDAC-WD/HB 

20 

Third "How-Goes-It" Meeting 

mdac-wd/hb 

27 

Fourth "How-Goes-It" Meeting 

MDAC-WD/HB 

30 

Summary Meeting 

MSFC 
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TABLE .6-2 ‘ 

EVALUATION AND- DOCUMENTATION SCHEDULE FOR S-LVB-205 
STA'GE 'FLIGHT EVALUATION REPORT 


DAYS AFTER 
LAUNCH 

EVENT 

0 

Launch 

1 

Support FEWG Flight Review Meeting 

10 

•Support FEWG First Gen'eral Evaluation Meeting 

15 

All Final Data Due at A3 

26 

*First Inputs Due from Design Sections 

29 

Support S-IVB Stage Instrumentation Splinter Meeting 

, 30 

Written Informal Evaluation Inputs to MSFC/FEWG 
Report Due: Support FEWG Summary Meeting 

40 

*A11 Final Evaluation Inputs Due for 60-Day Report 

45 

Management Review Copy to Reproduction 

47 

Management Review Copy Distributed 

50 

Management Review Comments Due 

53 

Final Report to Reproduction 

.60 

■ Final 60-Day Evaluation Report Distributed 

62, 

Review of FEWG Flight Evaluation Report 


*A detailed outline will be published inimediately after launch, indicating 
when inputs are due during the 26 to 40 day period. 
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TABLE 6-3 (Sheet 1 of 2) 

S-IVB-205 STAGE FLIGHT EVALUATION REPORT OUTLINE 


Section 

1. INTRODUCTION 

1.1 General 

1.2 History 

2. FLIGHT AND STAGE SUMMARY 

3. STAGE CONFIGURATION 

4. COUNTDOWN OPERATIONS 

5. CPIF 

6 . TRAJECTORY 

6.1 Comparison of Predicted and Actual 
Trajectories 

6.2 Evaluation of Vehicle System Performance 
Effects on Observed Trajectory 

7. MASS CHARACTERISTICS 

8. ENGINE CHILLDOWN AND CONDITIONING 

8.1 Engine Start Sphere Chilldown and Loading 

8.2 Engine Control Sphere Chilldown and 
Loading 

8.3 Turbopump Chilldown 

8.4 Thrust Chamber Chilldown 

9. ENGINE SYSTEM 

9.1 Start Sphere Performance 

9.2 Engine Control Sphere Performance 

9.3 J-2 Engine Performance 

10. SOLID ROCKETS 

11. OXIDIZER SYSTEM 

11.1 LOX Tank Pressurization 

11.2 Cold Helium Supply 

11.3 Engine LOX Supply 
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Engineering 

Section 

S-IVB Project 

S-IVB Project* 

MDAC-WD/FTC TP&E 
Committee and 
Propulsion 

Propulsion 

FD&C and S-IVB Project 
FD&C 


Weight Control 
Propulsion 


Propulsion 

Propulsion 

Propulsion 



TABLE 6-3 (Sheet 2 of 2) 

S-IVB-205 STAGE FLIGHT EVALUATION REPORT OUTLINE 


Section 


Engineering 

Section 


12. FUEL SYSTEM • . . . . Propulsion 

12.1 Fuel Tank Pressurization 

12.2 Engine LH2 Supply 

13. AUXILIARY PROPULSION SYSTEM Propulsion 

14. PNEUMATIC CONTROL AND PURGE SYSTEMS Propulsion 

15. PROPELLANT UTILIZATION PU Analysis Panel 

15.1 PU System Calibration 

15.2 Propellant Mass History 

15.3 PU System Response 

16. S-IB/S-IVB STAGE SEPARATION FD&C 


17. DATA ACQUISITION SYSTEM Electronics 

18. ELECTRICAL SYSTEM Electronics 

19. RANGE SAFETY SYSTEM Electronics 

20. FLIGHT CONTROL FD&C 

21. HYDRAULIC SYSTEM PERFORMANCE ■ , . Structural/Mechanical 


22. ' ACOUSTIC AND VIBRATION ENVIRONMENT 


Acoustics 


23. ORBITAL SAFING 


Propulsion 


APPENDIX - SEQUENCE OF EVENTS 


FD&C 


*S-IVB Project will summarize mission and anomalies. Each Design Technology 
will summarize its individual areas. The S-IVB TP&E section will insure 
compatibility between the various analyses. 
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1 . 


SEQUENCE OF EVENTS 


This appendix presents the predicted AS-205 flight 'sequence of events 
(table AP 1-1). Definitions of the time bases and symbols used are 
listed in appendix 10. 

The sequence of events is based on the Marshall Space Flight Center's 
sequence requirements, as indicated in references 12 through 15. 
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TABLE AP 1-1 (Sheet 1 of 16) 
PREDICTED AS-205 FLIGHT SEQUENCE OF EVENTS 




EVENT 

FLIGHT TIME 
(hr :min: sec) 

TIME 

FROM BASE 
(sec) 

TIME FROM 
S-IVB 

ENGINE START 
(sec) 

SSS 

REMARKS 

Liftoff-Start of Time Base 
No. 1 (TBl) 

00:00:00.0 

+(0.0)^ 

-145.8 


Time Base No. 1 (TBl) is Initiated by a liftoff signal 
provided by the deactuation of the liftoff relay in the 
lU at umbilical disconnect. However, as a safety 
measure, the Launch Vehicle Digital Computer (LVDC) will 
not recognize the liftoff signal and start TBl prior to 
receiving Guidance Reference Release which is initiated 
and verified 5 sec prior to schedule liftoff. 






A backup method for starting TBl is provided should the 
LVDC fall to receive or recognize the liftoff signal. 

If TBl is not initiated within 5.5 sec after Guidance 
Reference Release, the LVDC will monitor the vertical 
accelerometer. If a significant positive acceleration 
(in excess of 1 g) exists, the LVDC assumes liftoff has 
occurred and begins TBl. A time adjustment is made by 
the computer. 






No "Negative Backup" (i'.e., provisions for the LVDC to 
return to prelaunch conditions) is provided because the 
Saturn IB vehicle could safely complete TBl on the pad 
without catastrophic results, in the event TBl began by 
error. 

Sensor Bias On 

00:00:05.0 

+(5.0)j^ 

-140.8 

lU 

• 

Multiple Engine Cutoff Enable 

00:00:10.0 

+(10.0)j^ 

-135.8 

S-IB 

This signal enables cutoff of any engine due to rough 
combustion or low thrust 

Telemeter Calibration On 

00:00:20.0 

+(20.0)^ 

-125.8 

S-IB 


5“ AOS Cape 

00:00:25.0 





Telemeter Calibration Off 

00:00:25.0 

+(25.0)^ 

-120.8 

S-IB 


Telemeter Calibrator In- 
Flight Calibrate On 

00:00:27.0 

+(27.0)i 

-118.8 

lU 


LOX Tank Relief Control 
Valve Enable 

00:00:29.8 

+(29.8)^ 

-116.0 

S-IB 


Telemetry Calibrator In- 
Flight Calibrate Off 

00:00:32.0 

+(32.0) 

-113.8 

lU 
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TABLE AP 1-1 (Sheet 2 of 16) 
PEEDICTED AS-205 . FLIGHT SEQUENCE OF EVENTS 


EVENT 

FLIGHT TIME 
(hr: min! sec) 

TIME 

FROM BASE 
(sec) 

TIME FROM 
S-IVB 

ENGINE START 
(sec) 

SSS 

REMARKS 

Launch Vehicle Engines EDS 
Cutoff Enable 

00:00:40.0 

+(40.0)j^ 

-105.8 

lu 


Cooling System Electrical 
Assembly Power Off 
Maximum Dynamic Pressure ' 

00:01:15.0 

+(75.0)^ 

-70.8 

lU 


Telemetry Calibrator In- 
Flight Calibrate On 

00:01:30.2 

+(90.2)^ 

-55.6 

in 


Telemetry Calibrator In- 
Flight Calibrate Off 

00:01:35.2 

+(95.2)^ 

-50.6 

lu 


Flight Control Computer 
Switch Point No. 1 

00:01:40.0 

+(100.0)^ 

-45.8 

lU 


Flight Control Computer 
Switch Point No. 2 

00:01:40.2 

+ (100.2)^ 

-45.6 

lU 


5“ AOS GBI 

00:01:53.0 





Telemeter Calibration On 

00:01:59.8 

+(119.8)^' 

-26.0 

S-IB 


Flight Control Computer 
Switch Point No. 3 

00:02:00.0 

+(120.0)^ 

-25.8 

lU 


lU Control Accelerometer 
Power Off 

00:02:00.2 

+(l'20.2)j^ 

-25.6 

lU 


Telemeter Calibration Off 

00:02:04.8 

+(124.8)^ 

-21.0 

S-IB 


TM Calibrate On 

00:02:07.7' 

+(127.7)^ 

-18.1 

S-IVB 


TM Calibrate Off 

00:02:08.7 

+(128. 7)j^ 

-17.1- 

S-IVB 


Excess Pate (P, Y, R) Auto- 
Abort Inhibit Enable 

00:02:12.6 

+(132.6)^ 

-13.2 

lU 


Excess Rate (P, Y, R) Auto- 
Abort Inhibit and Switch 
Rate Gyro - SC Indication "A" 

00:02:12.8 

+(132.8)^ 

-13.0 

lU 
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TABLE AP 1~1 (Sheet 3 of 16) 
PREDICTED AS-205 FLIGHT SEQUENCE OF EVENTS 


EVENT 

FLIGHT TIME 
(hr: min: sec) 

TIME 

FROM BASE 
(sec) 

TIME FROM 
S-IVB 

ENGINE START 
(sec) 

SSS 

REMARKS 

S-IE Two Engines Out Auto- 
Abort Inhibit Enable 

00:02:13.0 

+(133.0)^ 

-12,8 

lU 


S-IB Two Engines Out Auto- 
Abort Inhibit 

00:02:13.2 

+(133.2) j 

-12,6 



Propellant Level Sensors 
Enable 

00:02:13.7 

+(133.7)^ 

-12.1 

IB 

Four level sensors are armed at this time. 

S-IB Propellant Level Sensor 
Actuation - Start of Time 
Base No. 2 (TB2) 

00:02:16.9 

+(0.0)2 

-8,9 

S-IB 

Tine Base No. 2 (XB2) is initiated by the LVDC upon re- 
ceiving the S-IB low level sensor dry signal. However, 
the propellant low level sensors are armed prior to 
calculated actuation time. 



• 



If a failure occurs which would prevent the LVDC from 
receiving or recognizing the sensors actuation signal, 
a backup method of starting TB2 is available. The LVDC 
will monitor the downrange accelerometer after arming 
the S-IB propellant level sensors. If TB2 is not start- 
ed within 0.55 sec after calculated actuation of the 
level sensors and a significant downrange velocity read- 
ing appears, the LVDC will start TB2. 






However, because of the one engine out capability of the 
Saturn IB, a time adjustment of the time backup will be 
made if an S-IB engine out condition occurs. When the 
LVDC receives an S-IB engine out signal, it will adjust 
the backup time remaining to 8/7 of the remaining nominal 
level sensors actuation time plus 0.55 sec. This will 
allow initiation of TB2 by propellant level sensors 
actuation at a later time with one S— IB engine out. 






Use of the downrange velocity reading as a backup 
provides a safeguard against starting TB2 inadvertently. 
If a significant downrange velocity value does not 
appear, the time backup for starting TB2 will not be 
issued. Furthermore, if TB2 is not established, no 
subsequent time bases can be started. This insures a. 
safe vehicle, even if TBl is started without liftoff, 
requiring at least one additional failure to render the 
vehicle unsafe on the pad. 
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TABLE AE 1-1 (Sheet 4 of 16) 
PREDICTED AS-205 FLIGHT SEQUENCE OF EVENTS 


EVENT 

FLIGHT TIME 
(hr: min: sec) 

time 

FROM BASE 
(sec) 

TIME FROM 
S-IVB 

ENGINE START 
(sec) 

sss 

REMARKS 

Excess Rate (Roll) Auto-Abort 
Inhibit Enable 

00:02:17.1 

+( 0 . 2)2 

-8.7 

lU 


Excess Rate (Roll) Auto-Abort 
Inhibit and Switch Rate Gyros 
SC Indication "B" 

00:02:17.3 

+( 0 . 4)2 

-8.5 

ID 

\ 

Inboard Engines Cutoff 

00:02:20.1 

+ 0 . 2)2 

-5.7 

S-IB 


Auto-Abort Enable Relays Reset 

00:02:20.3 

+ 0 . 4)2 

-5.5 

lU 


Charge Ullage Ignition EBH 
Firing Units 

00:02:20.5 

+ 0 . 6)2 

-5.3 

' S-IVB 


Q-Ball Power Off 

00:02:20.9 

+( 4 . 0)2 

-4 ."9 

lU 


Prevalves Open 

00:02:21.4 

+( 4 . 5)2 

-4.4 

S-IVB 


LOX Depletion Cutoff Enable 

00:02:21.6 

+( 4 . 7)2 

-4.2 

S-IB 


Puel Depletion Cutoff Enable 

00:02:22.6 

+ 0 . 7)2 

-3.2 

S-IB 


S— XB Outboard Engines Cutoff - 
start of Time Base No. 3 (TB3) 

00:02:23.1 

+(0.0)3 

-2.7 

S-IB 

Time Base No. 3 (TB3) is initiated by the S-IB out- 
board engines cutoff signal from. the S-IB stage at 
propellant depletion cutoff. However, the start of 
Time Base No. 3 is inhibited until the command "LOX 
depletion cutoff Enable" is Issued by the LVDC. As 
a safeguard against trying to separate the S-IB stage 
with the thrust of the outboard engines present, a 
redundant S-IB outboard engines cutoff command is 
issued at the start of TB3 (TB3 +0.0) . 



• 



If a failure should prevent the LVDC from receiving ' 
or recognizing the S— IB outboard engines cutoff 
signal, a time backup for starting TB3 is available. 
If TB3 is not initiated within 4 sec after calculated 
S-IB outboard engine cutoff the LVDC will issue an 
S-IB outboard engines cutoff command and start TB3. 
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TABLE AP 1-1 (Sheet 5 of 16) 
PREDICTED AS-205 FLIGHT SEQUENCE OF EVENTS 










•1 (Sheet 6 of 16) 

IIGHT SEQUENCE OF EVENTS 


FROM 

VB 

START 


sss 

REMARKS 

S-IB 

The separation devices are fired at this time. The 
signal is also given to fire the retrorocket motors, 
but circuit delays are built into the separation 
circuitry so that retrorocket ignition occurs after 
separation device detonation, thereby preventing 
possible unseating of the S-IVB propellants. 

lU 

This signal activates the AACS roll control and en- 
ables J-2 engine gimbaling. 

lU 


S-IVB 

This signal prevents engine cutoff by any of the mal- 
function cutoff modes. 

S-IVB 

Chilldown initiated on the ground. 

S-IVB 

Chilldown initiated on the ground. 

lU 


lU 


S-IVB 

A one second J-2 engine fuel lead is initiated at this 
time. The J-2 engine sequence of events is controlled 
by internal engine logic. 

S-IVB 


S-IVB 

Fuel lead is terminated at this time by opening the 
start tank discharge valve. 

S-IVE 

Enables the LH2 tank pressure switch to control LH2 
pressurization. 
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TABLE AP 1-1 (Sheet 7 of 16) 
PREDICTED AS-205 FLIGHT SEQUENCE OF EVENTS 


EVENT 

FLIGHT TIME 
(hr:min:sec) 

TIME 

FROM BASE 
(sec) 

TIME FROM 
S-IVB 

ENGINE START 
(sec) 

SSS 

REMARKS 

PU MR 5.5 On 

00:02:31.8 

+( 8 . 7)3 

5.0 

S-IVB 

The PU mixture ratio is commanded to 5.5 to 1.0 for the 
first 308.6 sec of burn. ' 

Charge Ullage Jettison EBW 
Firing Units 

00:02:33.3 

+(10 

.2)3 

7.5 

S-IVB 


Ullage Rockets Jettison 

00:02:36.4 

+( 13 . 3)3 

Id . 6 

S-IVB 


Fuel Injection Temperature 
OK Bypass Reset 

00:02:36.8 

+( 13 . 7)3 

11.0 

S-IVB 


Ullage EBW Firing Units Charge 
Relays Reset 

00:02:42.4 

+( 19 . 3)3 

16.6 

S-IVB 


Ullage Rockets Ignition and 
Jettison Relays Reset 

00:02:42.6 

+( 19 . 5)3 

16.8 

S-IVB 


Heat Exchange Bypass Valve 
Enable On 

00:02:47.1 

+( 24 . 0)3 

21.3 

S-IVB 


Telemetry Calibrator In- 
Flight Calibrate On 

00:02:48.5 

+( 25 . 4)3 

22.7 

lU 


Telemetry Calibrator In- 
Flight Calibrate Off 

00:02:53.5 

+( 30 . 4)3 

27.7 

lU 


Water Coolant Valve Open 

00:03:00.1 

+( 37 . 0)3 

34.3 

lU 


Flight Control Computer Switch 
Point No. 4 

00:03:05.1 

+( 42 . 0)3 

39.3 

lU 


5° AOS GTI 

00:05:15.0 






5" AOS EDA 

00:05:40.0 






Flight Control Computer Switch 
Point No. 5 

00:05:46.8 

+( 203 . 7)3 

201.0 

lU 


Telemetry Calibrator In- 
Flight Calibrate On 

00:05:48.5 

+( 205 . 4)3 

202.7 

lU 






TABLE AS 1-1 (Sheet 8 of 16) 
PKEDICTED ASt- 205 FLIGHT SEQtlENCE OF EVENTS 


EVENT 

FLIGHT TIME 
(hr: min: sec) 

TIME 

FROM BASE 
(sec) 

TIME FROM 
S-IVB, 

ENGINE START 
(sec) 

SSS 

•EEMA8KS 

Telemetry Calibrator In- 
Flight Calibrate Off 

’ 00:05:53.5 

+( 210 . 4)3 

207.7 

iu 


LH2 Tank Pressurization 
Control^ Switch Disable 

00:07:26.0 

+( 302 . 9)3 

300.2 

S-IVB 

LH2 tank pressure buildup. 

Initiation of Guidance Staging 
initiation of Artificial Tau 
Mode 

00:07:34.0 ' 

N/A 

308.2 

- N/A 


PD MR 5.5 Off ' • 

0P;07:'34.4 

. +( 311 . 3)3 

308.6 

S-IVB 


PU MR 4.5 On 

00:07:34.6 

+( 311 . 5)3 

308.8 

S-IVB 

The-PU mixture ratio is eommmded to the 4’. 5 to 1.0 
position for the remainder of the bora. 

End of Artificial Tau Mode 

00;08;09.6 

N/A 

343.8 

N/A 


TeieinetTry Calibrator Inr 
Flight Calibrate On 

00:08:18.5 

+( 355 . 4)3 

352.7 

IU 

, 

Telemetry Calibrator In- 
Flight Calibrate Off 

00:08:23.5 

+( 360 . 4)3 

357.7 

IU 


5“ LOS Cape 

00:08:29.0 





5“ LOS GBI 

00:08:56.0 

■ 

. 



5° LOS GTI 

00:09:15.0 



• 


Initiation of Chi Tilde 

00:09:49.5 

N/A 

443.7 

■ N/A 


Initiation of Chi Freeze 

00:10:09.5 

N/A 

463.7 

N/A 


S-IVB Engine Cutoff 

1 

00:10:14. 5- 

N/A 

468.7 

S-IVB 

After a predetermined tine, sufficient to allow the 
engine to establish thrust OK, the LVDC will start TB4 
after receiving any two of four functions monitored by 
the LVDC. The functions are (1) S-IVB Engine Out "A" 

(2) S-IVB Engine Out "B" (3) S-IVB Velocity Cutoff 
which is issued by the LVDC (4) Loss of Thrust determin- 
ed by the LVDC using accelerometer readings. 











TABLE AP 1-1 (Sheet 9 of 16) 
PREDICTED AS-205 FLIGHT SEQUENCE OF EVENTS 


H 
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TABLE AP 1-1 (Sheet 10 of 16) 
PREDICTED AS-205 FLIGHT SEQUENCE OF EVENTS 


EVENT 

FLIGHT TIME 
(hr: min; sec) 

TIME 

FROM BASE 
(sec) 

TIME FROM 
S-IVB 

ENGINE START 
(sec) 

sss 

REMARKS 

Flight Control Computer S-IVB 
Bum Mode Off "B" 

00;i0:18;4 

+(3.7)^ 

472.6 

lU 


Auxiliary Hydraulic Pump 
Flight Mode Off 

00:10:18,6 

+(3.9)_^ 

472.8 

S-IVB 


Rate Measurements Switch 

00:10:20.7 

+(6.0)^ 

474,9 

lU 

- 

5‘ AOS VAN 

00:10:24.0 




. 

Initiate Maneuver to Align 
the S-IVB/IU/CSM with local 
Horizontal (Position 1 Down) 
and Maintain with Respect 
to Local Horizontal 

00:10:34.7 

+(20.0)^ 

488.9 

lU 


LOX Tank Vent Valve Open 

00:10:44.9 

+(30,2)^ 

499.1 

S-IVB 

A 30 sec LOX tank hlowdown is initiated. at this tine. 

LOX Tank Vent Valve Close 

00:11:14.9 

+(60.2)^ 

529.1 

S-IVB 


LOX Tank Vent Valve Boost 
Close On 

00:11:17.9 

+(63.2)^ 

532.1 

S-IVB 


LOX Tank Vent Valve Boost 
Close Off 

00:11:19.9 

+(65.2)^ 

534.1 

S-IVB 


5‘ LOS BDA 

00:12:24.0 





PU Inverter and DC Power Off 

00:14:14.7 

+(240.0)^ 

708.9 

S-IVB 


5* LOS VAN 

00:16:04,0 





5' AOS CYI . 

00:17:49.0 


* 



5‘ LOS CYI 

00:23:25.0 





LH2 Tank Vent Valve Close 

00:31:15.1 

+(1,260.4)^ 

1,729,3 

S-IVB 


LH2 Tank Vent Valve Boost 
Close On 

00:31:18.1 

+(1,263.4)^ 

1,732.3 

S-IVB 











TABLE AP 1-1 (Sheet 11 of 16) 
PREDICTED AS-205 FLIGHT SEQUENCE OF EVENTS 


EVENT 

FLIGHT TIME 
(hr: min: sec) 

TIME 

FROM BASE 
(sec) 

TIME FROM 
S-IVB 

ENGINE START 
(sec) 

SS 

REMARKS 

LH2 Tank Vent Valve Boost 
Close Off 

00:31:20.1 

+(1,265.4)^ 

1,734.3 

S-IVB 


5“ AOS TAN 

00:37:58.0 





5" LOS TAN 

00:43:12.0 





5“ AOS CRO 

00:53:40.0 





LH2 Tank Vent Valve Open 

00:54:04.7 

+ (2,630.0)^ 

3,098.9 

S-IVB 

A 5 min LH2 tank blowdown is initiated at this time. 

Aux Hydraulic Pump Flight' 
Mode On 

00:55:24.7 

+ (2,710.0)^ 

3,178.9 

S-IVB 

Auxiliary hydraulic pump cycle is initiated to 
circulate the hydraulic fluid to prevent freezing. 

Aux Hydraulic Pump Flight 
Mode Off 

00:56:12.7 

+(2,758.0)^ 

3,226.9 

S-IVB 


LH2 Tank Vent Valve Close 

00:59:04.7 

+(2,930.0)^ 

3,398.9 

S-IVB 


LH2 Tank Vent Valve Boost 
Close On 

00:59:07.7 

+ (2,933.0)^ 

3,401.9 

S-IVB 


LH2 Tank Vent Valve Boost 
Close Off 

00:59:09.7 

+(2,935.0)^ 

3,403.9 

S-IVB 


5“ LOS CRO 

00:59:08.0 





PU Inverter and DC Power On 

01:24:26.7 

+(4,452.0)^ 

4,920.9 

S-IVB 

Power is turned on for mass data monitoring. 

5° AOS GYM 

01:30:43.0 





5° AOS TEX 

01:33:43.0 





Aux Hydraulic Pump Flight 
Mode On 

01:34:04.7 

+(5,030.0)^ 

5,498.9 

S-IVB 

The auxiliary hydraulic pump is turned on to center the 
J-2 engine for damping. 

Engine Malnstage Control Valve 
Open On 

01:34:26.5 

+(5,051.8)^ 

■ 5,520.7 

S-IVB 

Commands Open main LOX valve. 

Engine He Control Valve Open 
On (Start LOX Dump) 

01: 34:26. 7 

+(5,052.0)^ 

5,520.9 

S-IVB 

Provides pneumatics to open main LOX valve. 








TABLE . 
PREDICTED AS- 


I 

U 


EVENT 

FLIGHT TIME 
(hr:min; sec) 

TIME 

FROM BASE 
(sec) 

LOX Tank NPV Valve Open On 

01:34:36.7 

+(5,062.0)^ 

LOX Tank NPV Valve Open Off 

01:34:38.7 

+(5,064.0)^ 

LH2 Tank Vent Valve Open 

01:34:40.7 

+(5,066.0)^ 

5“ LOS GYM 

01:36:33.0 


S” AOS CAPE 

01:37:39.0 


5° AOS GBI 

01:38:23.0 


5“ LOS TEX 

01:39:17.0 


5° AOS BDA 

01:41:05.0 


.5° AOS GTI 

01:41:34.0 


LOX Tank Flight Pressurization 
Shutoff Valves Open (Cold He 
Dump) 

01:42:26.7 

+(5,532*0)^ 

5” LOS CAPE 

01:43:06.0 


5” LOS GBI 

01:43:26.0 


5" LOS GTI 

01:43:48.0 


LH2 Tank Vent Valve Close 

01:44:40.7 

+(5,666.0)^ 

LH2 Tank Vent Valve Boost 
Close On 

01:44:43.7 

+(5,669.0)^ 

LH2 Tank Vent Valve Boost 
Close Off 

01:44:45.7 

+(5,671.0)^ 

5® AOS VAN 

01:44:50.0 


Engine Mainstage Control Valve 
Open Off 

01:46:26.7 

+(5,772.0) 


5,534.9 S-IVB A 10 min LH2 tank vent is initiated at this time. 



6,000.9 S-IVB This conunand initiates dumping the cold heliimi bottles 
into the LOX tank. 


6.134.9 S-IVB 

6.137.9 S-IVB 


6,139.9 S-IVB 


6,240.9 I S-IVB 






H 




rt 

(T» 


\o 

os 
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TAB1£ AP 1-1 (Sheet 13 of 16) 
PREDICTED AS-205 FLIGHT SEQUENCE OF EVENTS 


EVENT 

■ FLIGHT TIME 
\ (hr: min: sec) 

TIME 

FROM BASE 
(sec) 

TIME FROM 
s+iyB 

ENGINE START 
(sec) 

SSS 

REMARKS 

Engine He Control Valve Open 
Off (Terminate LOX Dump) 

1 01:46:27.7 

+(5,773.0)^ 

6,241.9 ; 

S-IVB 


Auxiliary Hydraulic Pump 
Flight' Mode Off 

; 01:46:29.7 

+(5.775.0)^ 

6,243.9 

S-IVB 


PU' In-vefter and -DC Power Off 

; 01:46:3,9.7 

+(5,785,0)^ 

6.253.9 ' 

S-IVB 


Passivation "A" Disable 

01:46:54,7 

+(5,800.0)^ 

6,268.9 ! 

S-IVB 

The passivation bus is disabled since power to the 
valves is no longer required. 

5“ LOS EDA 

! 01:46:47.0 



1 



Passivation "B" Disable 
' ' ' *•«* “ 

01:46:54.9 

+(5,800.2)^ 

6,269.1 ; 

S-IVB 

The passivation bus is disabled since power to the 
valves is no longer required. 

5” LOS VAN 

1 01:50:09.0 





• . ■ 

0° AOS CYI 

, 01:51:54.0 






5“ AOS TAN 

02:11:45.6 






5? LOS TAN 

02:18:23.0 



1 



5.” AOS CRO 

• 02:28:12,0 






Begin Manual Control of S-IVB 
Attitude from CSM 

02:29:55.0 






LOX Tank Flight Pressurization 
Shutoff Valves Close 
(Terminate Cold He Dump) 

02:30:14.7 

+(8,40 

3.0)^ 

8,868.9 

S-IVB 


5“ LOS CRO 

02:34:44.0 






_End Manual Control of S-IVB 
Attitude from CSM 

02:32:55.0 




- 


Pitch Down 20* (Position 1 
Down) and Maintain Orbital 
Rate 

■02:42:55.0 
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TABtE AP 1-1 (Sheet 14 of 16) 
PREDICTED AS-205 FLIGHT SEQUENCE OF EVENTS 


EVENT 

FLIGHT TIME 
(hrrmin: sec) 

TIME 

FROM BASE 
(sec) 

TIME FROM 
S-IVB 

ENGINE START 
(sec) 

SSS 

REMARKS 

Initiate and Maintain Inertial 
Attitude Hold 

02:51:10.0 

N/A 

10,124.2 

— 


5“ AOS HAW 

02:54:29.0 





LV/CSM Separation 

02:54:55.0 

N/A 

10,349.2 

— 

- 

5" LOS HAW 

02:59:31.0 





5® AOS GVM 

03:05:39.0 





5® AOS TEX 

03:08:48.0 





5° LOS GYM 

03:11:07.0 





5° AOS CAPE 

03:12:26.0 





5® AOS GBI 

03:13:08.0 





5° LOS TEX 

03:14:10.0 





5° AOS GTI 

03:15:30.0 





5® AOS BDA 

03:16:00.0 





Initiate Maneuver to Align 
S-IVB/IU Retrograde with 
Local Horizontal* Roll to 
Position 1 Up and Maintain 
Orbital Rate. 

03:16:55.0 

N/A 

11,669.2 



LOX and LH2 Pump Seal Purge 
On (Start Stage Control 
Sphere He Dump) 

03:17:31.7 

+(11,237.0)^ 

11,705.9 

S-IVB 

The stage control helium sphere is dumped by initiating 
the LOX and LH2 pump seal purges. 

5® LOS CAPE 

03:18:13.0 





5“ AOS ANT 

03:18:17.0 





5° LOS GBI 

03:18:47.0 
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TABLE AP 1-1 (Sheet 15 of 16) 
PREDICTED AS-205 FLIGHT SEQUENCE OF EVENTS 


EVENT 

FLIGHT TIME 
(hr: tnin; sec) 

TIME 

FROM BASE 
(sec) 

TIME FROM 
S-IVB 

ENGINE START 
(sec) 

SSS 

REMARKS 

5° LOS GTI • . 

03:20:26,0 






5“ LOS BDA 

03:21:02.0 






5* LOS ANT 

03:22:51.0 






5“ AOS .ASC 

03:31:46.0 






5“ LOS ASC 

03:37:35.0 






. 5“ AOS TAN 

03:48:11.0 






5“ LOS TAN 

03:52:25.0 






■ 5' AOS CRO 

,, 04:03:04.0 






5“ LOS CRO 

04:09:41.0 






5“ AOS HAW 

04:28:59.0 






LOX Tank Flight Pressurization 
Shutoff Valves Open (Start 
Second Cold He Dump) 

. 04:30:14.7 

+(15,600.0)^ 

16,068.9 

S-IVB 

An additional cold helium sphere dump is initiated at 
this time to relieve pressure buildup due to heating. 

5° LOS HAW 

04:34:26.0 






5' AOS GYM 

04:40:37.0 




* 

■ 

1 LOX and LH2 Pump Seal Purge 
Off (Terminate Stage Con- 
trol Sphere He Dump) 

04:41:22.0 

+(16,267.3)^ 

16,736.2 

S-IVB 


5® AOS TEX 

■ 04:43:32.0 






5° LOS GYM 

04:46:11.0 






‘5* AOS CAPE 

04:47:18.0. 






5° AOS GBI 

. 04:47:54.0 






5® LOS TEX 

04:49:22.0 
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TABLE AP 1-1 (Sheet 16 of 16) 
PREDICTED AS-205 FLIGHT SEQUENCE OF EVENTS 


EVENT 

FLIGHT TIME 
(hr:min:sec) 

TIME 

FROM BASE 
(sec) 

TIME FROM 
S-IVB 

ENGINE START 
(sec) 

sss 

REMARKS 

5° AOS GTI 

04:49:52.0 





LOX Tank Flight Pressurization 
Shutoff Valves Close 

04:50:14.7 

+(16,800.0)^ 

17,268.9 

S-IVB 


S” AOS ANT 

04:52:25.0 





5° LOS CAPE 

04:52:46.0 





5° LOS GBI 

04:53:33.0 





5" LOS GTI 

04:55:50.0 





5” LOS ANT 

04:58:26.0 





5° AOS ASC 

05:06:31.0 





5° LOS ASC 

05:12:22.0 





5* AOS TAN 

05:25:00.0 





5° LOS TAN 

05:26:50.0 





5° AOS HAW 

06:05:07.0 





5“ LOS HAW 

06:08:33.0 





5° AOS GYM 

06:15:19.0 





5 ° AOS TEX 

06:18:34.0 





5° LOS GYM 

06:21:08.0 





Telemetry Calibrator In- 
Flight Calibrate On 

Variable 



lU 


TM Calibrate On 

Variable 



S-IVB 


TM Calibrate Off 

Variable 



S-IVB 


Telemetry Calibrator In- 
Flight Calibrate Off 

Variable 



lU 








2. MASS CHARACTERISTICS DATA (WSll) 


This appendix presents two types of digital printouts as computed by 
the WSll computer program as follows : 

a. The mass breakdown (table AP 2-1) is an itemized listing of 
major components (including all propellants, gases, etc.) 
listing mass, centers of gravity, and moments of inertia, and 
includes a summation for the indicated time . A summary of 
items jettisoned is also presented where applicable. 

b. The mass characteristics summary (table AP 2-2) is a chronologi- 
cal listing of the S-IVB-205 flight stage mass characteristics. 
These data were generated using a flight sequence of events 
which is presented in appendix 1 of this document. 

c. Figures AP 2-2 and AP 2-3 present graphs of S-IVB-205 flight 
stage mass characteristics. Supplementary information is 
contained in table AP 2-3 (definitions of terms and abbrevia- 
tions) and figure AP 2-1, S-IVB-205 stage station numbers. 

All mass characteristics parameters are time referenced from AS-205 
vehicle liftoff and progress chronologically from liftoff to 2 hr, 55 min 
(10,495 sec) of flight time. Data is also presented at predicted 
guidance cutoff time (614.54 sec). 

The sources of the mass characteristics data presented in the WSll 
computer program are as follows : 

a, S-IVB-205 stage dry mass is based on the stage weight measured 
at MDAC-WD/STC on April 1, 1968. 

b. S-IVB-205 propellant loading is as presented in appendix 6 of 
this document. 

c- Propellant mass flows are based on those found in appendix 5 
of this document. 

d. The vehicle coordinate system used conforms to standard 
coordinate system 9, mass properties, as presented in document 
SE008-001-1, Project Apollo Coordinate System Standards, 
(reference 16) . 
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Figures AP 2-4 through AP 2-7 present the predicted three sigma mass 
characteristics dispersions for the Saturn IB AS-205 second’ flight stage 
during S-IVB open-loop bum. The mass characteristics dispersions are 
referenced relative to time from. Saturn IB liftoff, rather than event. 

It was assumed that the lower stage will perform nominally. 
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TABLE AP 2-1 (Sheet 1 of 6) 
S-IVB-205 PREDICTED MASS BREAKDOWN SUMMARY 


S-IB LIFTOFF TIME 0.000 ITEMS REMAINING 


SEQ 

ITEM 

MASS 

ILBH) 

X ARM 
(STA-IN) 

V ARM 
tsTA-IN) 

z arm 
(STA-TN) 

IXX 

ILB-IN2) 

TYY 

tLB-:N2l 

III 

(L8-IN2) 

1 

FROST 

100.00 

420.40 

.0 

.0 

.16926009*07 

.14472090*07 

.14472090+07 

2 

separation pkg 

34.00 

200.69 

.0 

.0 

.57195104*06 

.40439884*06 


5 

ULLAGE ROCKETS 

398,00 

223.71 

.2 

-.4 

,76191086*07 

.38255130*07 

.38255130+07 

7 

LAUNCH ESCAPE 

8986.00 

1513.20 

-.1 


,34555851*07 

,12626886*09 

.12626886*09 

SO 

command module 

13050.00 

1252.20 

-.1 

6.5 

.28839718*08 

.27266723*08 

,24614452*08 

51 

SERVICE module 

10918.00 

1130.50 

-6,3 

9.5 

.35013555*08 

.55410351*08 

.51890235*08 

S2 

SH propellant 

6687 ■ 00 

1077,90 

11.2 

1.5 

.20017537*08 

.37129316*07 

.22943177*08 


SLA RING 

9o.oo 

1047.70 

-.2 

1.8 

,536924954-66 

• 26&30440-*^o6 

,26830*40*06 

60 

adapter (SLA) 

3655.00 

849,70 

1.0 

-1.2 

.43059297*08 

,54365345*08 

.53663328+0* 

61 

Instruhnt unit 

4280.00 

698.70 

.2 

- 15-0 

.63776642+06 

. 34845574*08 

.30589209+08 

62 

SAb205 DRV StG 

21834.00 

316.50 

8.6 

-2.6 

.24941707*09 

.90989132+09 

,91113976+09 

63 

tOX IN tank 

192906,00 

241.64 

.0 

.0 

«oooooooo 

.OOOOOOOO 

«oooooono 

66 

Lox ullage Gas 

35.50 

317,91 

• 0 

.0 

oOOOOOOOO 

.oooooooo 

.oooooooo 

hS 

LOX 8EL0H tank 

367,00 


3.2 

6.5 

.19821582.06 

.464o76Se+o6 

,46669026*06 

66 

LH2 IN TANK 

39599.00 

443.14 

.0 

.0 

•DOOOOOCO 

.1550B132*09 

. 15508132+09 

67 

lH2 ullage gas 

169.00 

628, q2 

.0 

• 0 

.00000000 

.OOOOOOOO 

.OOOOOOOO 

68 

LH2 aELOW tank 

48.00 

148.00 

-39,2 

-42.5 

.58934476+05 

.23972394*06 

.23305451*0* 

69 

COLD HELIUM 

330.00 

494,30 

100.1 

.27.8 

.81644230*06 

.10515788*07 

,36002369+06 

70 

APS PROPELLANT 

131.00 

248.59 

.0 

.0 

.25288663+07 

.25172310+07 , 

.47790109*05 

71 

CHaiSTART TANK 

5.00 

66.40 

-22.0 

14.6 

•oooooooo 

.OOOOOOOO 

.OOOOOOOO 

72 

SERVICE ITEMS 

36.00 

368,67 

18.7 

15.4 

,42337694*06 

.40492036+07 

.40263473*07 

total remaining 

305878.51 

423.84 

>3 

.2 

,46741931*09 

.38017748*11 

,38027839+11 







I$LUC-FT2) 

ISLUG-FT2) 

(SLUC-FT2) 







. 10088786*06 

.82057533*07 

,82079313*07 


S-IB/S-IVB SEPARATION TIME 144,490 ITEMS JETTISONED 


SEQ 

item 

HASS 

(LBM) 

X arm 

(STA-IN) 

V ARM 
(5TA-tN) 

jyyymi 

txx 

(LR-1N2J 

IVY 

(LB-IN2) 

111 

(LB-1N2) 

1 

FROST 

.00 

420.40 



.OOOOOOOO 

.OOOOOOOO 

•OOOOOOOO 

2 

separation PKC 

34.00 

200.69 

mm 

■d 

,57195104+06 

.40439884*06 

• 40439S844-06 

TOTAL jettisoned 

34.00 

200. &9 

.0 

.0 

.57195104+06 

.40439885*06 

.40439885+06 







(SLUC-TTZ) 

(SLUG-FT21 

(SLUG-FT2) 







,12344995*03 

.87285475*02 

*87285475+02 

S-IB/S-IVB SEPARATION 




TIME 144.490 


ITEMS REMAINING 

SEO 

item 

HASS 

X Arm 

V ARM 


IXX 

lYY 

III 



(LBM) 

(STA-IN) 

(STA-IN) 


(LB-1N2) 

(LB-IN2) 

(LB-IN2) 

5 

ULLAGE ROCKETS 

393.94 

223.71 

.2 

-.4 

.75413565+07 

.37864740*07 

.37864740*07 

7 

launch escape 

8986.00 

1513.20 

*.l 

-.4 

,34555851*07 

.12626886+09 

■12626886*q9 

50 

command module 

130SO.OO 

1252.20 

-.1 

6.5 

.28839718*08 

.27266723*08 

,24614452+08 

51 

service module 

10918,00 

1130.50 


9.5 

.35013555*08 

.55410351+08 

.51890235*08 

52 

SH propellant 

8667.00 

1077.90 

^Hn~! 

l.S 

.20017537*06 

.37129316+07 

.229*3177+08 

53 

SLA ring 

90.00 

1047,70 


1.8 

.83652455*06 

.26830440*06 

,26830440+0* 

60 

adapter (SLA) 

3655.00 

849,70 


- 1.2 

.430592“7+08 

.54365345*08 

.53663328*08 

61 

instruhnt unit 

4280.00 

698.70 

! 

-15.0 

.6377*642*08 

.34245574*06 

.30589209*08 

62 

S4B205 DRY StG 

21834.00 

316.50 


-2.6 

.2494ltn74-09 

.90989132+09 

,91113976+09 

63 

lox in tank 

192906.00 

241.65 


.0 

•OOOOOOOO 

•OOOOOOOO 

.OOOOOOOO 

64 

LOX ullage CAS 

35.50 

317,95 


.0 

•OOOOOOOO 

•OOOOOOOO 

•OOOOOOOO 

65 

LOX belok tank 

367.00 

114,94 


6.5 

.19821582*06 

.46407650*06 

•46669026*06 

66 

LH2 IN TANK 

39599.00 

443,75 

.0 

.0 

•OOOOOOOO 

.15727515+09 

.15727515*09 

67 

LH2 ullage gas 

169,00 

62B,A6 

.0 

.0 

•oooooooo 

•OOOOOOOO 

.OOOOOOOO 

6B 

L»2 below tank 

48,00 

148.00 

- 39.2 

-42.5 

.SB934476405 

.239721944.0A 

,23305451+06 

69 

COLD HELIUM 

330.00 

494.30 

100. 1 

-27.8 

.81644230*06 

.10515788+07 

.36002369+06 

70 

APS PRQPELLANT 

131.00 

248.59 

.9 

.0 

.25288663+07 

.25172310*07 

,47790109*05 

71 

gh2:start tank 

5,00 

88,40 

-22.0 

14.6 

•oooooooo 

.OOOOOOOO 

.OOOOOOOO 

72 

SERVICE ITEMS 

56,00 

368.67 

18.7 

15.4 

.42337694+0* 

,4o492036*o7 

.40263473+07 

THTAL REHAININC 

305740.44 

423.96 

.8 

.2 

,46507710+09 

,38013898+11 

.38025959*11 







(SLUG-FTZ) 

(SLU6-FT2) 

(SLUG-FT2) 







.10038227+0* 

.82053541+07 

,82075322*07 


September 1968 


AP2-3 



































































TABLE AP 2-1 (Sheet 2 of 6) 
S-IVB-205, PREDICTED MASS BREAKDOWN- SUMMARY 


S-IB ENGINE START COMMAND 


TIME 145.810 


ITEMS REHAINING ' 


SEQ 

ITEM 


' X ARM 



IXX 

IVY 

IZZ 



■CQ3H 

(STA-In) 


10023) 

iCa-iNZ) 

(L8-IN2I 

IL8-IN2J 

5 

ullage rockets. 

334,37 

223.71 

• 2 


.66009937*07 

.32139041*07 

.32139041*07' 

7 

LAUNCH ESCAPE 

8966,00 

1513>20 

-.1 

Bsl 

.36555851*07 

'.'12626886*09 

•12626886*09 

JOj 

command module 

13050,00 

1252.20 

.-,1 

BSI 

.23839718*08 

.27266723*08 

.26616652*08 

SI 

service module 

10918,00 

1130.50 

,.6.3 

Kh 

.35013555*08 

.55610351*08 

■ .51890235+08 ' 

sz 

SH propellant 

6887,00 

1077,90 

11.2 


■20017537*0* 

.37129316*07 

.22963177+08 

S3 

SLA RING 


1067.70 

-.2 

l.B. 

.53652655*06 

.26830660*06 

•26830660*06 

60 

adapter. (SLA) 

3655,00 

849,70 

l.O- 


•63059297*08 

,56365365*08 

.53663328*08' 

61 

instruhnt unit 

6280,00 

698.70', 

.2’ 

BQiJ 

•63776662*08 

'.36265576*08 

.30389209+09' 

6Z 

SASZOS DRV STC 

21834.00 

316.50 

S.6 

■ad 

.26961707*09 

.9o9B9l32*o9 

.91113976*09 

63 

lQx in tank 

192906.00 

241.65 

.0 

..0 ' 

•oooooooo 

‘ .OOOOOOOO 

•OOOOOOOO 

64 

LOX ULLAGE GAS 

. 35.50 

317.95 

.0 

.0 

.00000000 

.oooooooo 

..OOOOOOOO 

65 

Lox .below tank 

367,00 

114,94 

3.2 

6.5 

■19*21582+06 

«464o7650400 

•66669026*06 

65 

LHZ IN tank 

39599,00 

463.75 

.0- 

.0 

•OOOOOOOO 

.15729560*09 

.15729560*09 

67 

LHZ ULLAGE GAS 

169,00 

628.87, 

.0 

.0 

■oooooooo 

•OOOOOOOO 

' .OOOOOOOO 

68 

lh2 below, tank . 

68,00 

168,00 

-39.2 

-42.5 

■58936676*05 

.23972394*06 

•23305691*06 

69 

COLO HELIUM 

330.00 

496.30 

loo.i 

-27.8 

• 81666230-t-06 

,10515788*07 

.36002369*06 

70 

APS PROPELLANT 

.131,00 

268.59 

• 0, 

• 0 

■25268663*07 

,25172310*07 

.67790109*05 

71 

ohz.start tank 

5,00 

88,60 

-22.0 

16.6, 

•OOOOOOOO 

.OOOOOOOO 

■OOOOOOOO 

7Z 

SERVICE ITEMS 

56,00 

368,67 

18.7. 

15.6 

■62337696*06 

.60493036*07 

■60263673*07 

1 TOTAL remaining 

305680.87 

624.00 

CO 

.2 . 

>66393669+09 


>38023038*11 







ISCUC-FTZ) 

ISLUC-FT2) 

(SLUS-FT2) 







■10013613+06 

,82067171*07 

,82068951*07 


NINETY PERCENT THRLST TIME 149.310 ' ITEMS RE_HAINING 


B 

ITEM 

HASS' 

(LBH) 

X ARM 
(STA-In) 

V ARM 
I5TA-IN) 


IXX 

(LB-IN2) 

IVY 

(LB-IN2) 

m 

(L8-IN2) 

5 

ULLAGE ROCKETS 

222.00 

223.71 

.2 


.42498545*07 

.21338288+07 

.21338288+07 

7 

launch escape 

8986.00 

1513.20 

— 1 


.34555851*07 

.12626886*09 

.12626886*09 

50 

command module 

1305o.o0 

1252.20 

-.1 


' .28839718*08 

.27266723*08 

.24616652*08 

51 

SERVICE module 

lO’lS.OO 

1130.50 



,35013555*08 

,556i035l*08 

♦51890235+0* ■ 

52 

SM propellant 

8887,00 

1077.90 


HKl 

, .2001.7537+0* 

•37129316*07 

.22963177+08 

;53 

SLA RING 

90,00 

1047.70 


i.a 

,53652655*06 

.26830460+06 

.26830660+06 

60 

adapter (SLA) 

3655,00 

849.70 


-1.2 

•63059297*0* 

.56365365*08 

.53663328*08 

6l' 

INSTRUMNT UNIT 

6280.00 

698,70 


- -Is.O 

•63776542-^08 

.36245574*08 

.30589209+08 

62 

S6b 205 ORy STG 

21834.00 

316.50 


-2.6 

.26961707*09 

.9o989132+o9 

.91113976*09 

.63 

LOX IN TANK 

192504.00 

241.51 


.0 

•OOOOOOOO 

.OOOOOOOO 

•OOOOOOOO 

66 

LOX ullage CAS 

37.31 

317,61 


.0 

•OOOOOOOO’ 

.oooooooo 

..OOOOOOOO 

6S 

LOX below tank 

■ 397.00 

114;94 


6.9 

.21661875*06 

.50201190*06 

.50483932*06 

66 

LH2 IN TANK 

39481.00 

443,31 

• 0 

.0 

•oooooooo 

.15522753*09 

.15522753+09 

67 

lH2 ullage gas 

170,58 

628.25 

.0 

.0 

•OOOOOOOO 

.OOOOOOOO 

•OOOOOOOO 

68 

lh2 below tank 

58,00 

148.00 

-39.2 

• -42.5 

.71212492+05 

.28966662+06 

.28160753*06 

4? 

COLO HELIUM 

328. SI 

494,30 

100.1 

-27.8 

•81350070*06 

.10477900+07 

.35872655+06 

70 

APS' propellant ' 

130.96 

248,59 

.0 

.0 

■25280014*07 

.25163701*07 

. .67773765+05 

71 

GH2-START TANK 

I.OO 

88,40 

-22.0 

14.6 

■ooonoono 

.OOOOOOOO 

•OOOOOOOO 

72 

service -items 

56,00 

368.67 

18.7 

15.4. 

.42337694*06 

.60492036*07 

.60263673+07 

total remaining 

305086.65 

424,12 

.8 

.2 



•38014606*11 







■ (SLUG-P.T21. 



{SLUG'-FTZJ 

(SLU6-FT2) 







.99681384+05 

.82029004*07 

.82050753*07 


September 1968 


AP2-4 






































TABLE AP 2-1 (Sheet 3 of 6) 
S-IVB-205 PREDICTED MASS- BREAKDOWN SUMMARY 


SUMMARY PRINTOUT TIME 200.000 ITEMS REMAINING 


s«a 

ITEM 

.HASS 

ILBH) 

X ARM 
ISTA-IN) 

V ARM 

(STA-INI 

I arm 
(STA-IN) 

txx 

a8-IN2) 

lYY 

!I2 

(18-IN2) 

n 

cohmand ’mooule 

13050.00 

1252.20 



.28839718+08 

.27266723+0* 

.29619952+08 


service module 

lO’lS.OO 

1130.50 

-6,3 


.350135-55+08 

.55910351*08 

.51890235+08 

S2 

SH propellant 

8867*qo 

lo17.9o 

11-2 

1.5 


.37129316*07 

■ 22993 l77+o8 

53 

SLA ring 

90.00 

1097,70 

-•2 

l.B 

«336S2495*66 

.26630990+06 

. 26830990+06 

So 

adapter (SLA) 

3655.00 

B99.70 

1.0 

-1.2 

.93059297*08 

,. 59365395+08 

*53663328+08 

SI 

INSTRUMNT unit 

A280.00 

698,70 

.2 


.63776692+08 

.39295579*08 

,3o5892o9+o8 

. »z 

SAB205 dry STG 

21635.00 

316.50 

8.6 


.29991707*09 

,90989132*09 

.91113976+09 

63 

lox IN tank 

169673.52 

233.91 

.0 

■HI 

•60000000 

.00060000 

.00000000 

6A 

LOX ULLAGE GAS 

73.91 

502.65 

‘ .0 


.oooooono 

.00000000 

.nooooooo 

»S 

ldx below tank 

3?T,00 

119,99 

3.2 


.21991875+06 

• .50201190+06 

•5048393240^ 

* 66 

LH2 in tank 

35299.27 

927.96 

.0 

.0 

.00600000 

.90938808+08 

.90938808+08 

67 

LH2 ULLAGE GAS 

202.67 

608.09 

.0 

.0 

•00000060 

.00000000 

•oooooooo 

66 

LH2 BELOW TANK 

SB, 00 

198,00 

-39.2 ■ 

-42.5 

•7l2l29«2+05 

.ZB966692+0S 

.28160753+06 

69 

COLO HELIUM 

311.59 

999,30 

100. 1 

-27.8 

.77oS979o+06 

.99291757+06 

,33999019+06 

70 

APS PROPELLANT 

130.31 

298.59 

.0 

.0 

.25159757+07 

•25039ol9+o7 

.97537055+05 

71 

GH2.START TANK 

1.00 

88.90 

-22.0 

14.6 

.00900000 

♦00000000 

•OOOQOOOO 

72 

SERVICE items 

56.00 

368.67 

18.7 

15.9 

, .92337699+06 , 

.90992036+07 

.90263973+07 

TOTAL REMAINING 

268917.26 

396.22 

.9 

.3 

,93385116*09 

.26690230+11 

•26690175+11 







(SLU6-PT2) 

(SLUG-ET21 

1SLUG-FT2) 







,97959266+05 

.57500291+07 

.57521755+07 


SUMMARY PRINTOUT TIME 300.000 ITEMS REMAINING 


SEQ 

item' 

HASS 

X ARM 


fKIS 

ixx 

iyy 

IZZ 



(LBH) 

(STA-InI 

[imijij 

mi 2m 

(CB-IM2) 

{LB-1N2J 

(LB-IN2J 

50 

command module 

13050.no 

1252.20 

-.1 

6.5 

.28839718+08 

.27266723+08 

.29619952+08 

SI 

service module 

10916.00 

1130.50 

-6.3 

9.5 

.35013555+08 

,55910351+08 

.51890235+03 

52 

SH propellant . 

8887 « 00 

l077.9o 

11.2 

1.5 

•20017537+o8 

.37129316+07 

,22993177+08 

53 

SLA ring 

90.00 

lt>97,70 

-.2 

1.8 

.53652955+06 

.26830990+06 

.26830990+06 

60 

adapter (SLA) 

3655.00 

P49.70 

1.0 

-1.2 

.93059297+08 

.'54365345408 

*53663328+08 

61 

INSTRUMNT UNIT 

9280.00 

69B.70 

.2 

-15.0 

.63776642+08 

.39245579+oS 

,30589209+0* 

. 62 

S9B2o5 dry STG 

21839.00 

316,50 

8.6 

-2-6 

,29991707+09 

,9o9B9i32+o9 

.91U3976+09 

63 

LOX IN TANK 

129634,08 

220.95 

.0 

.0 

.ooonnooo 

.00000000 

♦OOOOOOOO 

64 

LO. ULLAGE GAS 

196.13 

289,13 

.0 

.0 

•OOQOOOOO 

.00000000 

,00000000 

65 

LOa below tank 

397.00 

119.99 

3.2 

6.5 

.21991875+06 

.50201190+06 

.50983932+06 

66 

LH2 in tank 

27099.65 

395.92 

.0 

.0 

•oooooono 

.11271872+09 

.11271872+09 

67 

lH2 ullage gas 

265.96 

579.75 

• 0 

.0 

•OOOOGOOO 

.00000000 

•OOOOOOOO 

68 

LH2 below tank 

58.00 

198,00 

-39.2 

-92.5 

, .71212992+05 

.28966692+06 

,28160753+06 

69 

COLD HELIUM 

277.62 

999.30 

100.1 

-27.8 

.68683211+06 

.88966699+06 

,302*7877+06 

70 

APS propellant 

129.03 

298.59 

-0 

.0 

.29907651+07 

.29793050+07 

.97070079+05 

71 

CH2-START TANK' 

1.00 

88,90 

-22.0 

14 ;6 

.00000000 

.00000000 

♦OOOOOOOO 

72 

SERVICE ITEMS 

56« 00 

366.67 

18.7 

15.4 

,92337699*06 

.9o9‘>2o36*o7 

.90263973+07 

TOTAL remaining 

215728,97 

917.19 

1.2 

.3 

.95332006+09 


,25929023+11 







(SLUG-FT2) 

(SLUG-'FTa) 

(SLUG-FT2) 







.97899632+05 

.55933539+07 

.55959930+07 

SUMMARY PRINTOUT 




TIME 900 

000 


ITEMS REMAINING 

SEQ 

item 

MASS 

X ARM 

Y ARM 

Z ARM 

!XX 

IYY 

ni 



<LBH) 

(STA-IK) 

(rta-in) 

(sT'A-im) 

(LB-IN?) 

(LR-IN2-) 

(LB-INZ) 

50 

command module 

13050.00 

1252.20 

-.1 

6.5 

,28839718+08 

.27266723+08 

.29619952+08 

51 

service module 

10918.00 

1130.-60 

-6.3 

9.5 

.35013555+08 

.55910351+08 

,51390235+08 

52 

SH propellant 

8887.00 

ln“7,90 

11.2 

1.5 

•200l 7537+0^ 

.37129316*07 

.22993177*08 

53 

SLA RING 

90.00 

1097.70 

-.2 

1.8 

.53652955+06 

.26830990+06 

.26830990+06 

60 

adapter .(SLA) 

3655.00 

R49.70 

1.0 

-1.2 

'.93059297+08 

.59365395+08 

.53663328+08 

61 

INSTRUMNT UNIT 

8280.00 

693.70 

• 2 


•637766^2406 

.39295579+06 

.30589209+08 

62 

S9B2o5 dry StC 

21839.00 

316.50 

d.6 

BSl 

.29991707+09 

.90989132+09 

.91113776+09 

63 

LOX IN tank 

79599.65 

206.21 

.0 

■■a 

•oooooono 

•00000000 

.OOOOOOOO 

69 

LOX ULLAGE GAS 

218.35 

269.72 

.0 

.0 


.00000000 . 

♦OOOOOOOO 

65 

LOX below tank 

391.00 

114. 

3.2 

6.5 

.21991875+06 

,5020ll90+06‘ 

.50983932+06 

66 

LH2 IN TANK 

18B00.09 

369.19 

.0 

.0 

•oooooono 

.88756979+08 

,88756979+08 

67 

LH2 ullage gas 

329.25 


.0 

.0 

•oonnoono 

.Qoonoooo 

♦oonooono 

68 

LH2 below tank 

5».00 


-39.2 


.712)2492+05 

.a&966642406 

,28160753+06 

69 

cold helium 

293.65 

999,30 

loo.i 


,602R9634+06 

,7-'691592+06 

,26581790+06 

70 

APS PROPELLANT 

127.75 

798.59 

♦ 0 

WKKm 

.79660545+07 

.2.9597o82+o7 

.96603102+05 

71 

gh2;$tapt tank 

L.OO 

68.40 

-22.0 


•oooooono 

.OOOOOOOO 

•OOOOOOOO 

72 

SERVICE items 

56.00 

368,67 

18.7 

15.9 

.92337694+06 

.90992036+07 

.90263973+07 

total remaining 

162539.69 

961.97 

1.5 

.9 

.95275239+09 

.29329388*11 

,29333773+11 







(SLUC-FT2) 

(SLUC-FT2) 

(SLUC-FT21 







.97722096+05 

.52501775+07 

.52522032+07 


September 1968 


AP2-5 



























































TABLE AP 2-1 (Sheet 4 of 6) 
S-IVB-205 PREDICTED MASS BREAKDOWN SUMMARY 


engine mixture ratio cutback time 454.900 ITEMS REHAIHIHG 


Seq 

ITEM 

HASS 

(LBM) 


V ARM 
ISTA-IN) 

2 arm 
tSTA-INl 

txx 

(C8-1N21 

lYV 

(Ln-IH2) 

WBaiM 

■Q 

command module 

13050.00 

1252.20 

-.1 

6.5 

.28839718.+08 

.27266723+08 

.26616652+08- 


SERVICE MODULE' 

' lO’lB.OO 

1130.50 

-6.3 

9.5 

.39013595+08 

.55610351+08 

.51890235+08 

92 

SM propellant 

‘ 8667«oo 

lo77.9o 

11.2 

1-5 , 

.20017937*08 

.37129316+07 

.22963177+09 

53 

SLA RING 

90.00 

1o67,70 

-.2 

1.8 

,536*2615+06 

,26830660+06 

,26830660+06 

*0 

adapter (SLA) 

3655.00 

869.70 

l.O 

-1.2 

.63059297+08 

.56365365+08 

.53663328+08 

61 

instrumnt unit- 

6280. O'O 

698.70 

.2 

-Ij.O 

.63776662*08 

.36265576+08 , 

.30589209+08 

62 

SAb20* 6Ry StG 

21B34.00 

316.50 

8.6 

-2.6 

.26961707*09 

.90989132+09 

.91113976+09 

63 

Lox IN Tank 

’ 56868.00 

197.12 

.0 

.0 

.00000000 

.00000000 

•oooooooo 

66 

LOX ULLAGE GAS 

258.00 

262.60 

.0 

.0 

.oooooono- 

.00000000 ■ , 

•oooooono 

65 

LOX bELOM tank 

397.00. 

116.96 

3.2 

6.5 

.21661875+06 

.SoZflll 9 o +06 

.50683932+06 

66 

LH2 IN TANK 

. 16271.00 

366.39 

.0 

,0 

•OOOQOOOO 

.73596300+08 

.73556300+08 

67 

lh2 ullage gas 

366,00 

525.29 

.0 

.0 

.00000000 

.00000000 

.OOOOOOOO 

6B 

lH2 below tank 

58.00 

168.00 

-39.2 

-62.5 

,71212692+05 

.26966662+06 

.28160753+06 

69 

COLO HELIUM 

225,00 

^96. 30 


-27.8 

• S5666S2U06 

.71698557+06 

.26567070+06 

70 

APS PROPELLANT 

127.06 

268.59 

.0 

.0 

.26926883+07 . 

.26612065+07 

.66366731+05 

71 

GHZiSTART TANK 

1.00 1 

88.60 

-22.0 

16.6 

•00000000 

,00000000 

.OOOOOOOO 

72 

SERVICE ITEMS 

56.00 

368.67 

18,7 

15.6 

.62337696*06 

.60692036+07 

.60263673+07 

TOTAL remaining 

133339.06 

506.98 

1.8 

.9 

.65260927+09 

.22693367+11 

,22702565+11 







(SLU0-FT2) 

(5LUG-F721 

(SLUC-FT2) 







.97668068+05 

.68981380+07 

,69001233+OT 


SUMMARY PRINTOUT 




TIME 500.000 


ITEMS REMAINING 

SEQ 

ITEM 

HASS, 

X ARM 


Z ARM 

IXX 





(LBM) 

, (STA-IH) 


(STA-IN) 

(L8-IN2) 




command module 

13050.00 

1252.20 

-.1 

6.5' 

.28839718+08 

.27266723+08 

•26616652+08 

wm 

SERVICE module 

lo’is.oo 

1130.50 

-6.3 

9.5 

.35013555+08 

.556.10351+08, 

.51890235+08 

92 

SH propellant 

SB87.00 

1c77,9o 

11-.2 

1.5 

• 2OOl753?4-O0 

.371Z9316-+07 

,22963177+08 

53 

SLA RING 

9o,00- 

l047*70 

-.2 

1.8 

,53652655*06 

.26830660+06 

.26830640+06 

60 

adapter (SLA) 

3655,00 

869,70. 

1.0 

-1.2 

,63039297+08 

,56365365+08 

.53663328+08 

61 

INSTRUMNT UNIT 

4280.00 

(,98.70 

.2 

-19.0 

.63776662*08 

•36265576+08 

.30589209+08 

62 

S6B20S’ ORY STG 

21834.00 

316.50 

8*6 

•2 9 6 

.26961707+09 

.90989132+09 

.91113976+09 

63 

LOK IN TANK 

39578,90 

190.61 

.0 

.0 

•oooooono 

• OOOOOOOO' 

•OOOOOOOO 

66 

LOX Ul^LAGE GAS 

288.79 

257,81 

.0 

.0 

•oonnoooo 

.oooooooo 

•oooooooo 

65 

LDX below tank 

397.00 

116,96 

3.2 

6,5 

.21641875+06 

.So2iU190+O6 

.50683932+06 

66 

LH2 IN tank 

10802.51 

332.22 

.0 

.0 

•OOOOOOOO 

.59115259+08 

,59115299+08 

67 

lm2 ullage gas 

602.99 

511.69 

• 0 

• 0 

' .oooooooo 

•oooooooo 

•OOOOOOOO. 

68 

lh2 below tank 

, 58.00 

168.00 

-39,2 

-62.5 

.71212492*05 

.28966642+06 

• .28160733+06 

69 

COLD HELIUM 

212.00 

696,30 

lOO.l 

-27.8 

.52651348+06 

.67557610+06 

.2312928,7+06 

70 

APS propellant 

126.67 

268.59 

• 0 

.0 

.26613639+07 

.26301112+07 

.66136125+05 

71 

gh2;start tank 

. l.OO 

88,60 

-22.0' 

16.6 

' *00000000 

•oooooooo 

•OOOOOOOO 

72 

SERVICE ITEMS 

56.00 

368,67 

18,7 

15.6 

.62337694+06 

.60692036+07 

.60263673+07 

TOTAL remaining 

I16s37.56 

569.66 

2.1 

.6 

,65215155*09 

.21129707+11 

.21138760+11 







(SLUG-FT2) 

(SLUG-FT2) 

(SLUG-FT2) 



* 




.97592622+05 

.65606376+07 

.65625915*07 

SUMMARY PRINTOUT 




TIME 600.000 


ITEMS REMAINING 

pm 

item 

HASS 

X ARM 

V ARM 

ZvARH 

IXX 


IZZ 

■1 


(LBM) 

(STA-IN) 

I9TA-IN1 

(STA-tN> 

ICB-IH2) 


(L8-IH2) 

50 

command module 

13050.00 

1252,20 

-.1 

6.5 

.28839716+08 

‘.27266723+08 

.26616652+08 

51 

SERVICE module 

10918,00 

1130.50 

-6.3 

9.3 

.35013555+08 

.55610351+08 , 

,51890235+08 

32 

SM propellant 

8887.00 

1077.90 

11.2 

1.5 

.20017537+08 

.37129316+07 

.22963177+08 

93 

SLA RING 

90.00 

1067.70, 

-.2 

1.8 

.53632655+06 

.26830660*06 

.26830640+06 

60 

adapter (SLA) 

3655.00’ 

869.70 

1.0 

-1.2 

.43059297+08 

.56365365+08 

.93663328+08 

61 

instrumnt UNIT 

6280,00 

698,70 

.2 

-15.0 

.637,76542+08 

.36265576+08 

• 305«92()9+o8 I 

62 

S6B2o5 DRV STG 

21336.00 

316.50 

S.6 

-2.6 

.26941707+09 

.90989132+09 

.91113976+09 • 

63 

LOX IN tank 

6181.92 

169,78 

• 0 

• 0 

•oooooono 

.OOOOOOOO 

•OOOOOOOO 

64 

LOX ullage gas 

357,07 

> ?A6ti5 

.0 

.0 

•oooooooo 

•OOOOOOOO 

•oooooooo ' 

65 

L^X B^LOW TANK 

397,00 

H4.94 

3.2 

6.5 

.21641875+06 

.5o20ll9o+06 

.5o683932+o6 

66 

LH2 IN TANK 

3160.11- 

296,38 

■ 0 

.0 

•OOOOOOOO 

,,26606616+08 

•26606616+08 

67 

lh2 ullage gas 

689.63 

682.65 

.0 

• 0 

' .00000000 

• ooonoooo* 

•OOOOOOOO 

6B 

LH2 aSLOW TANK 

58.00 

168.00 

-39.2 

-62', 5 

.71212492+05 

.28966662+06 

>28160793+06 

69 

COLO HELIUM 

183.19 

696,30 

100.1 

-27.8 

.65322365+06 

.58375268+06 

.19985666+06 

70 

APS propellant 

125,19 

268.59 

.0 

.0 

.26166333+07 

.26055163*07, 

.65669148+05 

71 

TAnK 

I'.OO 

88,60 

-22.0 

16.6 

•oooooono 

‘.OOOOOOOO 

'•OOOOOOOO 

72 

SERVICE ITEMS . 

56.00 

36d fbf 

18.7 

15.6 

.62337696+06 

.60692036+07 

.40263673+07 

TOTAL remaining 

73702.91 

730.J6 

wm 

1.0 

. 451450 ^ 5 * 0 ** 

'.16170971+U 

.16179603+11, 







tSL'U0-FT2) 

(SL1IG-FT2) 

(SI.UC-FT2) 







.97661205+05 

.30586635+07 

,30605265+OT 


September 1968 


AP2-6 




































































TABLE AP 2-1 (Sheet 5 of 6) 
S-IVB-205 PREDICTED MASS BREAKDOWN SUMMARY 


•ENGIHE CUTOFF COMHAKD 


TIME 614.540 


ITEH5 REMAINING 


SEQ 

ITEM 

HASS 

(LBH) 

X ARM 
CSTA-IN) 

V ARM 
t<TA-IN! 

z arm 
(STA-TNI 

IXX 

(18-11121 

lYY 

(LB-IM2I 

122 

(lB-tN2) 

50 

command module 

13050.00 

1252.20 

-.1 

6.5 

. 28839718+08 

,27266723+oS 

.24614452+08 

51 

SERVICE module 

10918.00 

1130.50 


9.5 

.35013555+08 

.55410351+08 

,51890235+08 

5Z 

SH propellant 

8887*00 

1077,90 


1.5 

.20017537+08 

.37129316+07 

.22943177+08 

93 

SLA RING 

90.00 

1047.70 

-.2 

1.8 

,53652455+06 

.26830440+06 

.26830440+06 

AO 

adapter (SLA) 

3655.00 

049.70 

1.0 

-1.2- 

.43059297+08 

.54365345+08 

.53663328+08 

61 

Instrumnt unit 

A28O.O0 

698,70 

• 2 

- 15.0 

.6377*6+2*08 

•3424557++08 

, 30389209*08 

62 

S432o5 dry StG 

21834.00 

316.50 

B*6 

-2.6 

•249*i7n7*09 

■ ,90989132+09 

.91113976+09 

63 

LOX IN tank 

1326,00 

161,82 

.0 

.0 

tOOOOOOrtO 

•00000000 

tOOOOOOOO 

64 

LOX ULLAGE GAS 

367.00 

245.08 

.0 

.0 

,00000000 

,00000000 

1 00000000 

6'5 

LOX 8EL0H TANK 

397.00 

114.94 

3.2 

6.5 

.21441875+06 

,5oZnll9o+o6 

.50483932+06 

66 

LH2 IN tank 

2026,00 

P85.10 

.0 

*0 

•oonnoooo 

.15623343+08 

.15623343+08 

67 

lhz ullage gas 

502,00 

477,98 

.0 

.0 

.oonnoono 

,00000000 

•oooooooo 

68 

LH2 below tank 

58,00 

148,00 

-39,2 

-42.5 

.71212492+0! 

.28966642+06 

.28160753+06 

69 

COLD HELIUM 

179,00 

494.30 

100.1 

-27.8 

. 44285810+06 

.57040185+06 

. 19528558 + 06 

70 

APS PROPELLANT 

125,00 

248,59 

■ 0 

.0 

.24130403+07 

.24019380+07 

.45601249+05 

71 

GHZiSTART tank 

l.OO' 

ea«Ao 

-22.0 

14.6 

,00000000 

,00000000 

•00000000 

72 

SERVICE ITEMS 

56,00 

368,67 

18.7 

15,4 

.42337694+06 

.40492036+07 

,40263473+07 


67751.00 

777.56 

3.5 

1.1 

,43131952+09 

■.12306331 + 11 

.12314877+11 





• 


(SLU6-FT2J 

(SLUG-FTZl 

(SI.U6-PT2) 







.97412838+0! 

,26561993+07 

.26580440+07 


S-IVB END THRUST DECAY' 


TIME 615. 94D 


ITEMS REMAINING 


SEQ 

ITEM 

MASS 

(LBH) 

X ARM 
tSTA-lN> 

V ARM 
(STA-TN) 

L arm 
tSTA-lN) 

IXX 

lYY 

(LB-IN2) 

lit 

(LB-IN2) 

50 

command module 

13050.00 

1252.20 

-.1 


.28839718+06 

.27266723+08 

.24614452+08 

51 

SERVICE module 

10918.00 

1130.50 

-6.3 


,35013555+08 

'.55410351 + 08 

.5(890235+08 . 

52 

SH propellant 

8887.00 

1*77.90 

11.2 


.20017537+08 

.37129316+07 

.22943177*08 

53 

SLA RING 

90.00 

1047,70 

--2 


.53652+55+06 

,26830440+06 

.26830440+06 

60 

adapter (SLA) 

3655.00 

849,70 

1.0 


.43059207+08 

.54365345+08 

.53663328+08 

ftl 

instrumnt unit 

4280.00 

698.70 

• 2 

i 

,63776642'^0^ 

.3424557**03 

.30589209+0* 

62 

S4b2o5 ORY StG 

21834.00 

316,50 

8,6 


.249*1707+09 

.90989132+09 

.91113976+09 

63 

LOX IN tank 

1237,00 

161.57 

.0 


.00000000 

’.OOOOOOOO 

•OOOOOOOO 


LOX ullage CAS 

364,55 

245,05 

.0 


.00000000 

'.OOOOOOOO 

•OOOOOOOO 

65 

LOX BELOW TANK 

367.00 

114,94 

3.2 


.19821582+06 

.46*07650+06 

.46669026+06 

66 

LH2 IN tank 

1999,00 

284,83 

,0 

• 0 

.00000000 

.15410122+08 

.15410122+08 

67 

LH2 ullage CAS 

502.00 

477,87 

.0 

.0 

,00000000 

’.OOOOOOOO 

•OOOOOOOO 

68 

LH2 below TANK 

48.00 

148.00 

-39.2 

-42.5 

.58934476+0! 

.23972394+06 

.23305451+06 

69 

COLD HELIUM 

179.00 

494.30 

loo.i 

-27,8 

.44285810+06 

.57040184+06 

,19528558+06 

70 

ars propellant 

124.99 

248.59 

.0 

.0 

,24129311+07 

.24018292+07 

,45599185+05 

71 

GH2-START TANK 

1,00 

88,40 

-22.0 

14.6 

.00000000 

.OOOOOOOO 

•OOOOOOOO 

7Z 

SERVICE ITEMS 

56.00 

368,67 

18.7 

15.4 

.42337694+06 

.40492036+07 

• 40263473+0 r 

total remaining 

67592.54 

778,96 

3.5 

l.l 

.45125116+09 

.12248705+11 

. 1225725'2+11 







[SUUG-FT2 J 

(SLUG-FT2) 

(SLUC-FT2J 







.97398081+05 

.26437613+07 

•26456062+07 


September 1968 


AP2-7 

















































TABLE AP 2-1 (Sheet 6 of 6) 
S-IVB-205 PREDICTED MASS BREAKDOWN’' SUMMARY 


CSH SEPARATION • TIKE 10,495.000 ITEMS JETTISONED 


SE.9 

ITEM 

HASS 

(LBH) 

X ARM 
(STA-IN) 

V arm 
(STA-IN) 

1 arm 
(STA- iN) 

IXX 

(Ca^inz) 

I TV 

(LR-IN2) 

IZZ 

(LB-IN2) 


command module 

13030.00 

1252,20 



.28839718-08 

'.27266723+08 

,24614452+08. 


SERVICE HODULF 

10918,00 

1130,50 



.35013555-08 

.55410351+08 

.51890235+08 


SH propellant 

8*87, 00 

1077,90 



.20017437-0* 

.37129316+07 

,229*3177+08 


SLA RING 

90.00 

1047,70 

■d 


.53652455-06 

.26830440+06 

,268304*0+06 

total jettisoned 

38945,00 

1164.29 

,9 

6.1 

,86247278*08 

‘.26784668+09 

,28210825+09 







(SLU6-FT2) 

(SLUS-FT2) 

(SLUC-FT2) 







.18615618*05 

.57812046+05 

.608*0263+05 


CSM SEPARATION 


TIME 10,495.000 


ITEMS REMAINING 


SEO 

ITEM 

HASS 

(LBH) 

X ARM 
(STA-INl 

V ARM 
I5TA-IN> 

2 arm 
(STA- iN) 

TXX 

(LB-1N2) 

lYV 

(LB-IN2) 

III 

(LB-1N2) 

60 

adapter (SLA) 

3655.00 

837,20 

1*0 


.10939669+09 

*77637617+08 

.74720740+08 

61 

instruhnt unit 

*280.00 

698.70 

.2 


.63776642*08 

•34245574+08 

•30589209+08 

62 

S*B2oS DRV STC 

21834.00 

316.50 

8.6 


.24941707*09 

.90989132+09 

.91113976+09 

63 

LOX IN TANK 

• 00 

139,85 

.0 


•oooooooo 

•OOOOOOOO 

•OOOOOOOO 

6* 

LOX ULLAGE GAS 

128.10 

244.84 

• 0 


•oonooooo 

.OOOOOOOO 

•OOOOOOOO 

65 

LOX below tank 

• 00 

114,94 

3.2 


•00000000 

•OOOOOOOO 

•OOOOOOOO 

66 

lM2 in tank 

• 00 

251.77 

• 0 

.0 

•00000000 

.14523048.01 

.14523048-01 

67 

lM2 ullage gas 

300.31 

469,59 

• 0 . 

• 0 

•oonooooo 

.OOOOOOOO 

•OOOOOOOO 

68 

lh2 below tank 

.00 

148,00 

-39.2 

-42.5 

.58546142-03 

.23814434-02 

.23151886-02 

69 

COLD helium 

.00 

494.30 

100.1 

-27.8 

•OOOOOOOO 

.OOOOOOOO 

•OOOOOOOO 

70 

APS propellant 

85*o4 

248.59 

• 0 

.0 

• l64l647B+07 

.16340946*07 

.31023596+05 ' 

71 

GH2.START TANK 

i.oo 

B8«40 

-22.0 

14.6 

•OOOOOOOO 

•OOOOOOOO 

.nooooooo 

72 

SERVICE ITEMS 

56«o0 

368,67 

18.7 

15.4 

,42337694+06 

.40492036*07 

.40263*73+07 

T( 

ITAL remaining 

. 30339.45 

434.26 



.42568114+09 

.22318433+10 

,22246809+10 







(SLUC-FT2) 

(SLU6-FT2) 

(SLUG-FT2) 







.9ia790*5+0S 

.*»172l22+06 

,48017529+06 , 


September 1968 


AP2-8 
















































TABLE AP 2-2- (Sheet 1 of 3) 
S-IVB-205. MASS' CHARACTERISTICS SUMMARY 


TtHS 

<SEC) 

HASS 

a#H) 

, X ARM 
<STA-tN) 

Y ARM 
(STAl'lN) 

Z- ARH 
{STA-JNJ 

tSLUOVPTj) 

JYY 

(SL'U6-5'T2J 

IZZ 

(SLUG-^T2) 

OtOOO 

305878.51 

*23.8* 

H 

.2 

. 1008S7.86«0* 

.82857533*07 

.82079313+07 

60«000 

305878 .'51 

*23.88 

HI 

.2 

. 100887864-0* 

,82059*87+07 

.82081265+07 

SOiOOO 

305778 .50 

*23.89 


.2 

.1005225U06 

.82857025*07 

,82078805+07 

100.000 

305778.50 ’ 

*23.90 

.8 

.2 

.10052251406 

,82057683*07 

,82079*63+07 

120.000 

305778.50 

*23.92' 

.8 

.2 

. 100522514-0* 

.82058053+07 

. .82079832+07 

1«4.400 

305778.50 

*23.93 

.8 

.2 

.100522514-0* 

.82o585o3*07 

.82080284+07 


30577*.** 

*23.9* 


.2 

• 100505734-06 

.82058072*07 

.82079852+07 

l44'«<(9o 

3057*0»** 

*23.96 

.8 

.2 

.10038227*06 

- .820535*1+07 

.82075322+07 

i«.aio 

3o568o.87 

*2*. '00 

.8 

.2 

. 10013*13*06 

.826*7171*07 

.82068951+07 

1^6.810 

305633.10 

*24.03 

.8 

.2 

.99951311*05 

.820*2356+07 

.1206*125+07 

148, 300' 

■305280.2* 

*2*. 10 

.8 

.2 

.99678192*05 

.82031*87+07 

.820332*3+07 

1*9.310 

305086.65 

*24.12 

.8 

.2 

.9968138**05 

.82029004+07 

.82050753*07 

156.910 

3010*4.30 

*25.09 

.8 

.2 

.99673020*05 

.81931027+07 

.81952734*07 

156.910 

300822.30 

• 425.2V 

.8 

.2 

.98755693*05 

,81906974+07 

.81928682+07 

160.000 

299176.77 - 

*25.66 

.8 

.2 

.987522*9+05 

,8186*675+07 

.81886368+07 

163.110 

297524.60 

426.10 

.9, 

.2 

.987*8859*05 

.81820703+07 , 

.818*237**07 

1*3.110 

288538,60 ' 

■ -392.2* 

.9 

.2 

.93000*30*05 

.57913021+07 

.5793*686+07 

•170.000 

28*873.89 

392.85 

.9, 

.2 

.97992777*05 

,578*5*’55+07 

.57867081+07 

180*000 

279555.01 

393.8* 

.9 

.2 

,979816*0*05 

,57739753+07 

.57761324+07 

190.000 

274236.14 

394.97 

.9 

.3 

.97970*70*05 

,5762*798+07 

.576*6315+07 

200.000 

268917.26 

396,22 

.9 , 

.3 

.97959266+05 

,57*00291+07 

.37521755+07 

210.000 

263598.38 

397.60 

f.O 

.3 

,979*802U05 

,573658*9+07 

.57387256+07 

220.000 

258279.50 

399.10 

l-.O 

,3 

.97936737+05 

.57389227+07 

.57*10578+07 

230. "000 

252960.62 

*00.77 

1.0 

.3 

.97925*104-05 

,577*6225+07 

.57267521+07 

2*0.000 

2*76*1.7* 

*02.*0 

1.0 

.3 

,9791*033*05 

,S7o932*2+o7 

.5711**82+07 

250.000 

2*2322.86 

*o*.se 

i .0 

.3 

.97902*11*05 

.56929830+07 . 

.56951014+07 

2*0.000 

237003.98 

*06.72 

1 .1 

.3 

.97891137+05 

,56755**1+07 

,56776568+07 

270.000 

231*85.11 

*09.0* 

1.1 

.3 

.9787960**05 

.36569*31+07 

.56590500+07 

? 80.000 

22*366.23 

*11.5* 

1 .1 

.3 

,97868012+05 

.363710*0+07 

.563920*8+07 

290*000 

2210*7.35 

*14,23 

i.i 

.3 

,97856358*05 

.56139*04+07 

.561B03S5+07 

300*000 

215728.47 

*l7.1* 

1.2 

.3 

.978**632*05 

,55933539+07 

.5593**30+07 

310.000 

210*09 .60 

*20.26 

1.2 

.3 

.97832832*05 

,55692323+07 

.5571313**07 

320*000 

205090.72 

*23.62 

1.2 

.3 

.97820953*05 

,5543**79+07 

.55*55250+07 

330.000 

199771,8* 

427,2* 

1.2 

.* 

.97808988*05 

, .55158585+07 

.55179296+07 

3*0.000 

19**52.96- 

*31.13 

1.3 

.* 

,97796929*05 

.5*863022+07 

.5*883669+07 

350.000 

18913*. o8 

*35.31 

1.3- 

.* 

.9778*769*05 

,5*!*59*6+o7. 

.5*566532+07 

3*0.000 

183615.20 

♦ 39.88 

T.3 

.* 

.97772*98+05 

,5*19**79+07- , 

.5*215001*07 

370.000 

178*96.32 

•***.77 

■ ' 1.4- 

.* 

.97760108+05 

, 33820684+07 • 

.538*11*2+07 


September 1968 


AP2-9 

















TABLE AP 2-2 (Sheet 2 of 3) 
S-IVB-205 MASS CHARACTERISTICS SUMMARY 


TIHE 
(SEC) ■ 

HASS 
(LBH> - 

X ARM 
(STA-IN) 


Z ARM 
(STA-IN) 


IVY 

(Si:U(5-FT2> 

izr 

(SLUG-FT2) 

3»0t000- 

173177.44 

' 450.06 


.4 

.97747585+05 

,53416394+07 

.53436784*07 

390i00b 

• 167858.56 

455.78 

1.5 

.4 

,97734919*05 

.52978069*07 

.52998392*07 

400 <000 

162539.69 

461.97 

1 .5 

.4 

.97722096+05 

.52501775+07 

.52522032*07 

410*000 

157220.80 

468.68 

1 .6 

.5 

.97709099+05 

,51983129+07 

.52003315*07 

420*000 

151901.93 

475.97 

1 .6 

.5 

,97695912*05 

.51417153+07 

.51437267+07 

430*000 

146583.05 

483.91 

1.7 

.5 

,97682510*05 

.50798180+07 

.50818222+07 

440*000 

141264.17 

492.56 

1.7 

.5 

.97668871+05 

,50119662*07 

.50139630+07 

450*000 

135945.30 

502.02 

1 .8 

.5 

.97654966*05 

,49373990+07 

.49393880*07 

454.900 

133339.04 

506.98 

1 .8 

.5 

.97648048+05 

.48981380+07 

.49001233+07 

456.900 

132280.54 

509.05 

1.8 

.5 

.97645494*05 

,48816632+07 

,48835470+07 

460*000 

131011*56 

511.54 

1.9 

.5 

.97641814+05 

.48620714+07 

.48640531+07 

470*000 

126918.08 

519.97 

1.9 

.6 

.97629814*05 

,47955687+07 

.47975437+07 

475.000 

124871.35 

524.42 

2.0 

.6 

.97623731+05 

,47603022+07 

.47622738+07 

460.000 

122824.61 

529.04 

?.o 

.6 

.97617594+05 

,47235938+07 

.47255622+07 

490.000 

118731,13 

538.85 

2.0 

.6 

.97605141+05 

,46455228+07 

.46474841+07 

500*000 

114637.66 

549.46 

2.1 

.6 

.97592422*05 

,45606374+07 

.45625915+07 

510.000 

110544.18 

560.97 

2.2 


.97579416+05 

,44680892+07 

.44700362*07 

520*000 

106450*71 

573.49 

2.3 

.7 

.97566082+05 

.43669236+07 

.43688629+07 

525.000 

104403.97 

580.16 

2.3 

.7 

.97559281+05 

,43127608+07 

.43146960+07 

530.000 

102357.23 

587.06 

2.4 

.7 

.97552384*05 

.42572903+07 

.42592216*07 

540*000 

98263.76 

602.03 

2.5 

.7 

.97538278*05 

.41344620+07 

.41363850*07 

550*000 

94170.28 

610.46 

2.6 

.8 

.97523707+05 

,39990056+07 

.40009199+07 

560*000 

90076.81 

636.47 

2.7 

.8 

.97508610+05 

.38501967+07 

.38521019*07 

570.000 

85983.34 

656.34 

2.8 

.8 

.97492912+05 

,36854669+07 

.36873626+07 

560.000 

81889.86 

678.41 

2.9 

.9 

.97476521*05 

,35030866+07 

,35049721+0.7 

590.000 

77796.39 

7o3.04 

3.1 

,9 

,97439332*05 

.32949155+07 

.32967903+07 

600.000 

73702.91 

730.76 

3.3 

1.0 

.97441205+05 

,30586635+07 

.3o6oS265+o7 

610*000 

69609.44 

761.99 

3.4 

1.0 

.97421980*05 

.27907965+07 

.27926471*07 

614.540 

67751.00 

777.56 

3.5 

1.1 

.97412838+05 

.26561993+07 

.26580440+07 

615*940 

67592.54 

778,96 

3.5 

1.1 

.97398081+05 

,26437613+07 

.26456062*07 

674.540 

67452.90 

780.04 

3.6 

1.1 

.97396085*05 

,26355566+07 

.26374023*07 

1200.000 

67113.38 

782.45 

3.6 

1.1 

.97380886*05 

.25182023+07 

.26200559+07 

1600.000 

66725.70 

785.26 

3.6 

. 1*1 

.97363514+05 

,25975507+07 

.25995134*07 

2400.000 

66338,01 

788.15 

3.6 

1.1 

,97346123+05 

.25763217+07 

.25781937*07 

3000.000 

65950.33 

791.11 

3.7 

1.1 

.97328711+05 

,25542209+07 

.25561021*07 

3544.300 

65598,64 

■ 793.87 

3.7 

1.1 

.97312898+05 

,25332592+07 

.25351484+07 

3600*000 

65592.30 

■ 793.92 

■ 3.7 

1*1 

.97311374+05 

.25328789+07 

,25347691*07 

4200*000 

65523.98 

'794.46 

3.7 

1.1 

.97294950+05 

,25287543+07 

.25306547+07 
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TABLE AP 2-2 (Sheet 3 of 3) 
S-IVB-205 MASS CHARACTERISTICS SUMMARY 


TIME 

<SEC) 

HASS 

ILBH) 

X ARM 
tST6-lH> 

V ARM 
tSTA-INl 

1 ARH 
(STA-tN) 

txx 

ISLUC-.FT2J 

IVY 

{SLUG-8T2> 

tzz 

(SLU6-FT2> 

4800t000 

65455(66 

795.00 

3.7 

1.1 

.97278524*05 

-.25245615+07 

.25264917*07 

5400(000 

65387(33 

795.55 

3.7 

1-1 

.97262097*05 

.25203530+07 

.25222731+07 

5666tl00 

65357(03 

795.79 

3.7 

1.1 

.97254810*05 

.25184520*07 

.25203765*07 

6000(000 

64480(84 

804.01 

3.6 

1.2 

.97000302+05 

.24462100+07 

.24480252*07 

6356(100 

63467.67 

813.83 

3.5 

1.2 

.96705689*05 

.23*95500+07 

,23612384*07 

6600(000 

63458,14 

613.89 

3*5 

1.2 

.96702099*05 

.23591732+07 

.23608691*07 

7200(000 

63431.42 

814.06 

1.5 

1.2 

.96691874*05 

.23581163+07 

.23598178*07 

7800(000 

63404.70 

814.24 

3.5 

l.Z 

.96681689*05 

.23570579+07 

.23587493*07 

8400(000 

63377.97 

814.41 

3.5 

1.2 

.96671502+05 

,21559988*07 

.23577202*07 

9000(000 

63351,25 

814.59 

3.5 

1.2 

.96661318+05 

,23549391+07 , 

.23566703+07 

9600(000 

63324.53 

814.76 

3.9 


.96651132*05 

,23538785+07 

.23596194*07 

10200(000 

63297.81 

614.94 

3.5 


.96640946*05 

,23528171+07 

.23545679*07 

10499,900 

63284(45 

815.02 

3.5 


.96635895*05- 

.23522864+07 

,23540419*07 

10495(000 

63284.44 

814.30 

3.5 


.11095432+06 

.23567414+07 

.23580188+07 

10495(000 

30339.45 

434.26 

6.4 


.91879045+05 

,48172122*06 

.48017529+06 

lo5l0(000 

30339,00 

434.26 

6.4 

-4.1 

.91878872+05 

.48lTl9s9*06 

.48017414+06 
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TABLE AP 2-3 (Sheet 1 of 3) 
DEFINITIONS FOR MASS CHARACTERISTICS 
COMPUTER PROGRAM WSll PRINTOUTS 


TEEM 

DEFINITIONS 

UNITS 

Douglas 

Station 

■ 

Distance along the H axis from an arbitrary 
S-IVB-205 stage reference zero. The ZERO station 
is located so that the S-IVB-205 stage engine 
gimbal point is station 100.0. Positive values 
increase in the forward direction and negative 
values are aft of station zero. 

Inches 

H Arm 

Distance along the centerline of the S-IVB-205 
stage from the center of gravity of the item 
under consideration to S-IVB-205 stage Douglas 
station zero. 

Inches 

Items 

Jettisoned 

A listing of all items being considered at the 
current computing time that will not be con- 
sidered at the next computing time. 

None 

Items 

Remaining 

A listing of all items being considered at the 
current computing time that will be considered 
at the next computing time. 

None 

L Arm 

Distance from the center of gravity of the 
item under consideration to the centerline 
of the S-IVB-205 stage along an axis 
perpendicular to the centerline and coin- 
ciding with positions II and IV. Position II 
is positive and position IV is negative. 

Inches 
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TABLE AP 2-3 (Sheet 2 of 3) 
DEFINITIONS FOR MASS CHARACTERISTICS 
COMPUTER PROGRAM WSll PRINTOUTS 



DEFINITIONS 

UNITS 

Pitch MOI 

Moment of inertia of any item or total about an 
axis through its own center of gravity and 
parallel to the V axis . 

2 

Lbm-In 

Pound 

Moment of inertia about the center of gravity 

Lbm-In^ 

Inches 

Square 

of each item or total of items. 


SLF 

Slug feet squared 


SLG 

Slugs 


SS 

Center of gravity expressed in terms of stage 
coordinates when individual items are in another 
coordinate system. 

Inches 

Time 

Time is referenced to range time. All computing 
was done in the pounds, inches, and pound inches 
squared system of units'. (Items below the TOTAL 
REMAINING line were converted to other unit 
systems.) Pound mass is defined as 1/32.174 slugs. 

Seconds 

Total 

Jettisoned 

A summation of the items being jettisoned at the 
current computing time. 

None 

Total 

Remaining 

A summation of the items remaining 

None 

V Arm 

Distance from the center of gravity of item under 
consideration to the centerline of the stage along 
an axis perpendicular to the H and L axes and 
coinciding with positions I and III. Position I 
is negative and position III is positive. 

Inches 
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TABLE AP 2-3 (Sheet 3 of 3) 
DEFINITIONS FOR MASS CHARACTERISTICS 
COMPUTER PROGRAM WSll PRINTOUTS 



DEFINITIONS 

UNITS 

VS 

Vehicle statipn (when center of gravity is expres- 

Inches 


sed in coordinates other than S-IVB-205 stage). 


Yaw MOI 

Moment of inertia of any item or total, about an 

Lbm-In^ 


axis through its own center of gravity and 
parallel to the L axis. 
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POSITION 




INSTALLATION 

STATION 

INSTALLATION 

STATION 

A. 

FWO BULKHEAD (FWD END) 

684,6 

AUXILIARY PROPULSION MODULE (AFT END) 

205.1 

B. 

FWD SKIRT (FWD END) 

676.7 

ULLAGE ROCKET FAIRING (AFT END) 

204.6 

C, 

MAIN TUNNEL (FWD END) 

647.7 

LH 2 FEED LINE FAIRING (AFT END) 

202.7 

D. 

FWD SKIRT (AFT END) 

554.7 

J. AFT SKIRT (AFT END) 

200.6 


FWD BULKHEAD (AFT END) 

553.0 

INTERSTAGE (FWD END) 

200.6 

E. 

COLD HELIUM SPHERES(8REQO - 26.5 I^JO ^) 

454.0 

K. THRUST STRUCTURE/AFT BULKHEAD TANGENT POINT 

186.9 

F. 

COMMON BULKHEAD (FWD END) 

335.2 

L. AMBIENT HELIUM SPHERES 

158.6 


AFT BULKHEAD (FWD END) 

287.8 

AFT BULKHEAD (AFT END) 

156.3 

G. 

AFT SKIRT (FWD END) 

286.1 

M, THRUST STRUCTURE SKIN (AFT END) 

121.4 


LH 2 FEED LINE FAIRING (FWD END) 

286.1 

N. GIMBAL STATION 

100.0 


PROPULSION module (FWD end) 

285.5 

0. ENGINE NOZZLE (AFT END) 

-16.0 


ULLAGE ROCKET (FWD END) 

245.3 

P. INTERSTAGE (AFT END 

-23.9 

H. 

COMMON BULKHEAD (AFT END) 

244.4 

AERODYNAMIC FAIRING (FWD END) 

-23.5 

1. 

MAIN TUNNEL (AFT END) 

220.9 

Q. AERODYNAMIC FAIRING (AFT END) 

-50.9 


Figure AP 2-1. S-IVB-205 Stage Station Numbers 
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Figure AP 2-3. S-IVB-205 Stage Mass Moment of Inertia 
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Figure AP 2-4. Second Flight Stage Vehicle Mass During S-IVB Burn 
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Figure AP 2-6. Second Flight St 
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Figure AP 2-7. Second Flight Stage Vehicle Pitch Moment of Inertia During S-IVB Burn 



3. PREDICTED FLIGHT TRAJECTORY 

This appendix presents the AS-205 predicted launch vehicle trajectory. 
Predictions of the S-IB stage trajectory were generated by MSFC and 
transmitted to MDAC-WD where the data were reformatted to conform to 
MDAC-WD coordinate system conventions and symbology. The S-IVB stage 
trajectory simulation was derived using S-IVB stage predicted performance 
characteristics documented in this report. These predictions are based 
on MSFC predicted AS-205 vehicle flight trajectory (section 2) , sequence 
of events (appendix 1), mass characteristics data (appendix 2), and 
predicted propulsion system performance (appendix 5) . 

Tables AP 3-1 through AP 3-3 present the S-IB stage powered trajectory, 
S-IVB stage powered trajectory, and S-IVB orbital flight trajectory 
simulations; symbol definitions and coordinate subscript definitions are 
presented in tables AP 3-4 and AP 3-5. Figures AP 3-1 and AP 3-2 show 
the coordinate system applicable to the trajectory simulation. 

Trajectory parameters are graphically presented in section 2. 
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TABLE AP 3-1 (Sheet 1 of 15) 

PREDICTED S-lB-205 STAGE POWERED FLIGHT TRAJECTORY 


1 

TIME 

(SEC) 

WETSHI 

(LB) 

F SB T 

(LB) 

altitude 

(FT) 

RANGE 

(FT) 

2 

V sa I 

(FT/Sec) 

V SB E 
(FT/SEC) 

R SB C 
(FT) 

R SB L 
(FT) 

KAN6E .ANGLE 

(R<(D) 

-d 

X S3 £ 
<FD 

X SB P (H) 
(M) 

X SB S 
<FT) 

X SB SFE 
(FT) 

HU 

(OEG) 


Y S8 e 
tFD 

Y SB P (M) 
(M) 

Y St) S 
(FI) 

Y SB .SFE 
(FT) 

RHO 

(DEG) 

b 

Z S3 £ 
(FT) 

Z SB P (M) 
(M) 

Z SB S 
(FT) 

Z SB SFE 
(FT) 

RHO Prime/ 
(UEG) 

b 

U-X SB £ 
(FT/b£C) 

D-X SB P (M) 
(M/SEC) 

D-X SB S 
(FT/SeC) 

D-X SB SFE 
(FT/SEC) 

A SB XM 
(FT/SEC/SEC) 

7 

U-Y SB E 
(FT/SEC) 

0-Y SB F (M) 
(H/StC) 

0-Y Sr S 
(FT/SpC) 

0-Y SB SFE 
(FT/SEC) 

A SB YH 
(PT/SEC/SEC) 

b 

U-Z SB t 
(FT/SEC) 

0-Z SB p (H) 
(M/SEC) 

U-Z SR S 
(FT/SeC) 

U-Z SB SFE 
(FT/Sec ) 

A SB 7M 
(PT/SEC/SEC) 


F Sd X 
(tB) 

K SB rx 
(LBl 

F SB AX 
(LB) 

M SB X 
(LB-FT) 

H SB AX 
(Ld-FT) 

lU 

F SB Y 
(UBl 

F SB rv 
(EBJ 

F SB AY 
(LB) 

M SB T 
(LB-FT) 

H SB AY 

(LB-Ft) 

11 

F SB Z 
<UB) 

F SB IZ 
(LB) 

F SB aZ 
(LB) 

M SB Z 
(LB-FT) 

M SB AZ 
(LlJ-Ft) 

12 

THETA M ilHF 
(UES) 

U-THtf H upp 
(UEG/St:C) 

V SB rM 
(FT /SEC) 

I SB XX 
(SLUG/FT/pT) 

EOS (THfTA) 
(UEG) 

U 

FSI M UHP 
(UEb) 

U-PSI M OrtP 
(UEb/SEC) 

V SB w) 
(FT/SeC) 

I SB YT 
(SLUG/FT/FT) 

EPS (PSD 
(OEG) 


Hnl M UHP 
(DEG) 

U-PHI M UHP 
(OEG/ScC) 

£ SB H 
(UEO) 

I SB ZZ 
(SLUG/FT/FT) 

EPS (PhD 
(UEG) 

v> 

CHI SB P 
(1)EG) 

U-CHl SB P 
(UEG/StC) 

alpha » 
(UEG) 

P SB M 
(OEG/SeC) 

X SB Cb 
(IN) 

lb 

CHI SB Y 
(UEG) 

U-cHI s8 Y 
(U£G/StC) 

alpha 

(OEG) 

Q SB M 
(0EG/<5£L) 

Y SB CG 
(IN) 


CHI SB K 
(U£G) 

U-CHI SB R 
(U£G/SeC ) 

beta 

(DEG) 

R SB M 
(DtG/SEC) 

Z SB CG 
(IN) 

lb 

Gamma sb i 

lUEG) 

GAMMA SiJ 11 
(OEG) 

GAMMA ll PR 
(OEG) 

DELTA SB ye 
(UEG) 

V SB S 
( ft/sec ) 

1^ 

Gamma su a 
(OEG) 

gamma SiJ ZI 
(UEG) 

GAMMA dz PR 
(UbG) . 

delta SB ZE 
(UEG) 

F/M 

(PT/SEC/SEC) 

£U 

1 SB SP 
(S£C) 

WEIGHT PLOW 
(LU/ScC) 

V SB v<X 
(FT/Ge;C) 

V SB HT 
(FT/SeC) 

V SB «Z 
(FT/SrO 

21 

o (KHO) 
(M/SEC/SEC) 

G (PSD 
(PT/SEC/SEC) 

uEmsity 

SLUG/PtB 

choru force 

(LB) 

Normal fohce 

(LB) 

22 

UYN PHESS 
(LB/SG FT) 

MACH NO. PKLSbuK£ 

(lB/F T/FT) 

Alpha u prou 
(LB/UEG/F/F) 

X SB CP 
(IN) 

2^ 

K SB 1 
(UEG) 

K SB 3 
(oEG ) 

X SB a 
(DEG/BpC) 

X SB 4 
(DEG/ SEC) 

SEMIUAToEC 

Ft 

Z** 

R IPEK) 
FT 

V (PEH) ECCENrHiUTY 

(FT/SEC) 

true anomaly 

(UEG) 

PERinu 

SEc 

eb 

R(AP) 

(FT) 

V (AP) 
(PT/SEC) 

INCUINAtA^N 

Qtia 

Ecc anomaly 
UEG 

sehihaj axis 
PT 

2b 1 

delta O-X(V) 
(M/SEC) 

ueltA o-y(v) delta u-Z(v) 

(M/StC) (M/Stc) 

N SB, 1 
lUEG) 

N SB a 
(UEG) 

Zf 

T Sd IV 
(SEC) 

T SB 1V2-4V 
(SEC) 

T SB 3-SV 
(SEC) 

T SB IS 
SEC 

T SB as 
(SEC) 

2b 

T SB F 
(SEC) 

S SB F 
(FT) 

MU SB F 
(OEG) 

RHO SB F 
(UEG) 

LAMBDA RG N 

□fg 


1 

-9.V999 

GUIDANCE REFERENCE RELEASE 

«o .n 

115,0 

,1 

2 

1391. 7b 

.UO 

30909960.0 

20909840.0 

*0000 

3 
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’“80.56X1 

4 
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.0 
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«0 
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.0 
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12 
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• OODO 

13 
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.001 

-3.99 

(^6657502.00 

.0000 

19 

26.0U0 

-.002 
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-28.0000 

15 

• OUO 

,uun 

.0000 

.000 

100*0 

16 

• 000 
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• UOO 

-.0 

17 

• 000 

.UOo 
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-.0 

Id 
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.0000 

• UUO 

1137.48 
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74,5912 

90.0000 

90.0000 

• OUO 
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20 

.00 

.000 
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-•oo 

-3.99 

21 

"59.06 

-.0S3 
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22 

.02 

< 0U4 
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23 

• OUO 

.OUfl 
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29 
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.9973 

18U.UUOO 
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TABLE AP 3-1 (Sheet 2 of 15) 



PREDICTED 

S-IB-205 STAGE 

POWERED FLIGHT TRAJECTORY 


1 

«uuuo 

ia917B2,q 

1562203.1 

112,8 

.4 

z 

1341,76 

• Bn 

20909960.0 

211909648,0 

• 0000 

3 

113*9 

b^7jjdU.4 

6494.6 

d0a426U,P 

-A0*5611 


-.0 

17679.2 

- 1.2 

-iaib9662*0 

;>B*5220 

5 

-*U 

-Jb94.j> 

2072.5 

. 99V6B0,S 

98*3608 

6 

-*uu 

-.13 

1276.16 

U2^*81 

39*14 

7 

-*00 

126.31 

-.44 

22 U*S 1 

*01 

6 

«UU 

38M.9fl 

414.40 

-♦04 

*00 

9 

11221*8 

lbb^2U3.3 

6439.6 

- 1*1 

• 0 

10 

2/9.8 

a79.9 

.0 

-7417*a 

-26,8 

11 

89*1 

113.1 

.0 

7946*7 
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TABLE AP 3-1 (Sheet 3 of 15) 

PREDICTED S-IB-205 STAGE POWERED FLIGHT TRAJECTORY 
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TABLE AP 3-1 (Sheet 4 of 15) 

PREDICTED S-IB-205 STAGE POWERED FLIGHT TRAJECTORY 
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-470.7 

-3852.5 

-21064.3 

-1015.9 

la 

-9.027 

-.508 

532,03 

1208317.80 

18.6048 

13 

-*026 

-.008 

2.19 

46209230.00 

.0264 

14 

-*193 

-.068 

72,000 

56209230.00 

.1929 

15 

, 9.578 

.524 

.4112 

.056 

736,3 

16 

• QUO 

.000 

-.4112 

-.608 

.3 

17 

*000 

.000 

-.0028 

-.006 

.1 

la 

61*2572 

-.0203 

20.3462 

-.052 

1104.74 

19 

70*6146 

B9.390q 

83.9154 

-.040 

51,5 

20 

1*23 

-6243. B6q 

-.00 

-.00 

2.19 

21 

-39,04 

-.053 

.0018 

32842.43 

3852.64 

22 

248,36 

.4Bg 

1529.66 

-102.123 

896.69 

23 

*000 

.OOo 

.000 

.000 

62591.0 

24 

31342.4 

947u45.li 

.9970 

179,9362 

1796.01 

25 

2Q923315.0 

141B.6ft 

28.3804 

178.3527 

10477328,7 

26 

»ooo 

• OOq 

,000 

.0000 

.0000 

27 

,U0 

.Op 

,00 

.00 

.00 

26 

45*2633 

9203.1 

80.5487 

28,5258 

92.4721 

1 

46*0000 

1012430.0 

171U294.3 

12023.3 

1117.1 

2 

l69u*96 

636.3.; 

20921869.0 

20909848.0 

.0006 

3 

12024,2 

6376927.? 

75843,1 

3095107.7 

-80,5579 

4 

-13.5 

23348. 

-HI. 3 

-18136702.0 

28.5230 

5 

11U6,4 

14262, ft 

21818.6 

9934954,6 

28.3619 

6 

623,49 

188, 5q 

1899,94 

1940,93 

53.31 

7 

-.97 

125. 9q 

-5.63 

362.77 

-.00 

6 

127,16 

428. /T 

541,06 

60.99 

-.21 

9 

-263U2.4 

171U294.? 

-34256.2 

189,8 

163.6 

10 

-26*4 

-341. a 

315.5 

137826,2 

80521 ,8 

11 

-7350,4 

-1078.1 

-6272.2 

-9520 , n 

3157, S 

12 

-11.682 

-,55o 

635.15 

1161154.40 

23.9775 

13 

-.025 

.OOf, 

6.01 

56148239.00 

.0284 

14 

-.009 

-.OOl 

72,000 

56148239.00 

.0087 

15 

12.296 

,5bft 

.5107 

.001 

738.3 

16 

.000 

.OUn 

-.5100 

-.550 

' .3 

17 

*ouo 

.000 

.0257 

.000 

.1 

18 

76.4220 

-.0337 

23.0683 

-.042 

1095.11 

19 

70.6191 

89,514.1 

88.3573 

-.081 

53.3 

20 

1*43 

-62o0.3d7 

-.01 

-.01 

6.01 

21 

-39,03 

-.051 

.0016 

40755. 48‘ 

6280,08 

22 

323*73 

.bBo 

1374.73 

-165.107 

892.07 

23 

• QUO 

.uon 

.000 

.000 

66624.9. 

24 

33365.6 

917639. 2q 

.9968 

179.9220 

1796.86 

25 

209279^2*0 

1463.3? 

28.4058 

178.0479 

10480648,9 

26 

*000 

■ ood 

.000 

.0000 

.0000 

27 

,uo 

.00 

-.00 

• 00 

• 00 

28 

63*1678 

10209, q 

80.5379 

28.5289 

93.6669 

1 

5U*O000 

981178,1 

1726047.7 

15397.8 

1902.3 

2 

lb67,63 

751.37 

20925243.0 

20909846,0 

.0007 

3 

16396*6 

6377947. q 

85598.6 

3105105.2 

-80.5556 

4 

-19.2 

23975.0 

-136.2 

-18134876.0 

28.5237 

5 

1689,5 

le451.q 

24678.2 

9935201.5 

28.3626 

6 

727.30 

220. Ul 

2003.59 

2058.93 

55.23 

7 

-1,31 

125.4ft 

-6.58 

370.34 

.01- 

8 

166,67 

447.73 

602.75 

37.13 

-.33 

9 

-33116,9 

1726047,? 

-43H4.7 

285.8 

246.5 

10 

279,2 

-326, { 

6o5.3 

184788,5 

102919.5 

11 

-10663,4 

-1535,0 

-9128.5 

-5903,7 

5660.2 

^2 

-14.507 

—.577 

748,69 

1116990.80 

2.9.7155 

13 

-.027 

-.OOl 

lU.96 

56087248.00 

.0270 

14 

-.007 

-.OOo 

72,000 

56087248.00 

.0066 

lb 

16.206 

,60o 

.5856 

.001 

740,4 

16 

*000 

.OOo 

-.5843 

-.577 

.3 

17 

*uuo 

.OOo 

.0387 

-.001 

• 1 

la^ 

76*4luS 

-.042? 

25.5227 

-.041 

1083.07 

19 

71*0165 

89.7031 

87.6833 

-.110 

55,2 

20' 

1*60 

-6250.383 

-.03 

-.02 

10.96 

21 

-39.02 

-.053 

.0014 

46650.51 

6148.59 

22 

404.63 

.69l 

1209.57 

-236.413 

875.38 

23 

• ooo 

,OJo 

.000 

• 000 

72146,7 

24 

36135,7 

881900,47 

.9966 

179.9053 

1797.94 

25 

20933498.0 

lb22,3q 

28,4492 

177.7223 

10484816.9 

26 

• 000 

.00(1 

.000 

.0000' 

.0000 

27 

• 00 

.00 

.00 

.00 

.00 

26‘ 

61*2318 

15940.? 

80,5218 

?8.5338 

95.1029 
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TABLE AP 3-1 (Sheet 6 of 15) 

PREDICTED S-IB-205 STAGE POWERED FLIGHT TRAJECTORY 


1 

55<UOOU 

949924, p 

1741472.8 

19305.9 ■ 

3035,0 

2 > 

1803.61 

877. 9n 

209291SO.n 

20909848,0 

.0009 

3 

19306.5 

6379130,1 

9S8S6.3 

3115721,4 

-80.5522 

4 

-26.6 

24602,7 

-164.9 

-18133024.0 

28.5247 

5 

3020,1 

18747.4, 

27888.0 

9935298.6 

28.3636 

6 

336.61 

253,07 

2112.67 

2188,03 

56.96 

7 

-1.61 

125,24 

-7.57 

373.14 

.02 

S 

266,31 

471.67 

680.64 

1.18 

-.43 

9 

-50434,4 

• 1741472.? 

-60849.9 

369.6 

334,1 

10 

448.1 

-362.5 

810,6 

165112.2 

92426,5 

11 

-13357,6 

-1354. p 

-12003. i 

-8890.5 

4548,1 

12 

-1/.433 

—.587 

873,01 

1072750.60 

35.7010 

13 

-.033 

-.00? 

16.82 

55968007.00 

.0334 

14 

-.009 

-.00(1 

72,000 

55968007.00 

.0089 

15 

18,269 

,62p 

.6193 

• uoi 

744,1 

16 

.000 

.OOq 

-.6176 

-.587 

.3 

17 

.000 

.00(1 

.0417 

-.002 

.1 

IB 

72.2996 

-.0474 

27.6288 

-.048 

1067,68 

19 

71.1784 

89.9533 

86.9106 

-.096 

57.0 

20 

1.67 

-6250,660 

-.05 

-.04 

16.82 

21 

-39.01 

-.053 

.0013 

67420.93. 

12030,49 

22 

486.30 

,81p 

1039,02 

-300.499 

836,23 

23 

.000 

,00(1 

.000 

.000 

79457,9 

24 

39804.5 

840201. 3l 

,9962 

179.8857 

1799.25 

25 

20940082.0 

1597,13 

28,5175 

177.3790 

10489943.0 

26 

.000 

.000 

.000 

.0000 

.0000 

27 

.00 

.00 

.00 

.00 

,00 

28 

69.6102 

22830,0 

80.4976 

?8.5408 

96.7413 

1 

60.0000 

918671.0 

1754690.6 

23767.4 

4596.0 

2 

1936.40 

1013.71 

20933610.0 

20909848.0 

.0012 

3 

23767.9 

6380479.0 

106725,4 

3127005.1 

-80.5476 

4 

-35.4 

25228.7 

-196.9 

-18131178,0 

28.5261 

5 

4579.5 

21176.5 

31530.2 

9935182.3 

28.3650 

6 

947.61 

286.01 

2223.34 

2324.70 

57,55 

7 

-1.92 

125.13 

-8,64 

370.07 

.02 

e 

360.03 

500. bp 

774.68 

-47,87 

-.55 

9 

-102389.2 

1754690. q 

“112215,3 

469.6 

466.7 

10 

520.9 

-454, R 

975.7 

53437.8 

43673,3 

11 

-16481.8 

-181.5 

-16300.6 

-18986,7 

-598.9 

12 

-20.385 

-.S9ft 

1005.20 

1028510.41 

41,8127 

13 

-.043 

-.00? 

24.65 

55848764,00 

.0432 

14 

-.012 

-■OOl 

72,000 

55848764,00 

.0119 

15 

21.427 

,63p 

.6694 

.001 

747.9 

16 

.008 

.OOo 

-.6682 

-.596 

.3 

17 

.000 

,ODo 

,0400 

-.002 

.1 

18 

69.1575 

-.0506 

29.2908 

-.048 

1048.11 

19 

71.3003 

90.2582 

86.0738 

-.019 

57,6 

20 

1.57 

-6250.656 

-.08 

-.06 

24.65 

21 

-38.99 

-.053 

.0011 

118842,89 

16329,76 

22 

559,24 

,954 

868,54 

-373,660 

779,64 

23 

.000 

.OOq 

.000 

.000 

88790,8 

24 

44489.7 

794b42.ua 

.9958 

179.8631 

1800,83 

25 

20947649.0 

1687.71 

28,6130 

177.0299 

10496069.3 

26 

.000 

.OUo 

.000 

.0000 

.0000 

27 

.00 

.Oo 

.00 

.00 

,00 

26 

78,3005 

33766. 0 

80.4645 

28.5804 

98.5053 

1 

65.0000 

887314.? 

1768246.0 

28771.7 

6662.1 

2 

2081.37 

1153, 3p 

20938613,0 

20909846.0 

.0014 

3 

28771,8 

6381992. p 

118104. 3 

3138975,1 

-80.5415 

4 

-45,6 

25853.9 

-232,9 

-iai?9363,n 

28,5279 

5 

6645,3 

23761,1 

35682.6 

9934784,6 

28,3660 

6 

1053,59 

318.56 

2328,88 

2452.57 

58.37 

7 

-2,15 

124.97 

-9.74 

359.29 

.03 

8 

469.30 

534. 2o 

884.29 

-111.34 

-.91 

9 

-143209.3 

1768237,3 

-159044.8 

757.2. 

594,4 

10 

895.0 

-174.7 

1069.7 

614213,5 

308290,7 

11 

-2S795.9 

—5615,7 

-20180.3 

8829,4 

11656,8 

12 

-23.537 

— .6I7 

1139.70 

984278.65 

48.1535 

13 

-.042 

-.001 

34,65 

55621711.00 

.0418 

14 

-.017 

-.001 

72.000 

55621711.00 

.0167 

15 

24.616 

.570 

.8759 

.001 

753,9 

16 

.000 

.OOq 

-.8746 

-.517 

.4 

17 

,000 

.OOq 

.0464 

-.001 

*1 

18 

65,9573 

-.OSOO' 

30,4023 

-.030 

1024.19 

19 

71.4046 

90.6171 

85.2119 

— .380 

58.4 

20 

2.52 

-6271.464 

-.13 

-.09 

34.65 

21 

-36.97 

-•053 

.0009 

165779.23 

20208,64 

22 

610,62 

I.II3 

704.42 

-534.070 

936.69 

23 

.000 

.OOo 

.000 

.000 

100372,3 

24 

50306.6 

747186,05 

,9952 

179.8381 

1802.65 

25 

20955988,0 

1793,64 

28.7349 

176.6959 

10503147.2 

26 

,000 

.OOq 

.OUO 

.0000 

.0000 

27 

.00 

■ ,Oo 

.00 

.00 

.00 

28 

86.8080 

478B8.6 

80.4214 

28.5628 

100.3107 
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TABLE AP 3-1 (Sheet 7 of 15) 

PREDICTED S-IB-205 STAGE POWERED FLIGHT TRAJECTORY 


7UtUOOO 

855956. Q 

1782924,9 

54313,5 


1308, dp 

20944152.0 

20909848.0 


B3BJ667.7 

130016.0 

3151659.0 

-66*7 

26478.4 

-272.2 

-18127625.0 

9^06*3 

26528, e 

40434.7 

9934028,6 

1163. »6 

351.77 

2438.57 

?611.93 

-2.31 

124. di 

-10.87 

341.75 

598. 7B 

574,04 

1014.17 

-190. ; 

-124728.5 

1782907.7 

-143399.9 

934, .1 

S95.0 

-155.4 

1050. » 

■834175.8 

-3U98S.6 

-7905. 1 

-23083.9 

11967.0 

-26,560 

-.593 

1287.91 

940046,91 

-.047 

-.OOg 

47.25 

65394659.00 

-.020 

-.OOt 

72.000 

86394659.00 

27,786 

.Bii 

.9435 

.002 

,000 

.OUo 

-.9425 

-.693 

• 000 

.0U() 

.0429 

-.002 

62.7499 

-.045b 

31.1964 

-.029 

71.4956 

9l,026i; 

84,3195 

-.514. 

2.96 

-6271.473 

-.20 

-.13 

-38,95 

-.053 

.0008 

150204.96 

845.06 

i.29g 

552,04 

-607,932 

• 000 

• oon 

,000 

.000- 

57693.1 

697594. Bp 

.9945 

179,8083 

20965366.0 

1919.67 

28.8858 

176.3475 

.000 

.OUo 

.oon 

.OOOO 

• 00 

.Of) 

,oo 

.00 

95.5641 

66804. p 

80.3649 

?8.6790 


MAXIMUM DYNAMIC PRESSURE 


75.8000 

824555.? 

1796100.5 

40427.5 

2434.82 

1485,79 

20950263.0 

20909848.0 

40424.4 

6385514.6 

142494.8 

3165126.9 

-68.7 

27102.0 

-315.4 

-18125995,0 

I26b9«6 

29512.P 

45894.0 

9952833,8 

1282.58 

387. 4p 

2556,55 

2777.13 

-2,48 

124.6? 

-12.14 

318.12 

750.04 

620. 5p 

1165.92 

-286.02 

-107757.5 

1796094. p' 

-123744.5 

759,5 

732.9 

-305. t 

1038.0 

558288,9- 

-23910,8 

-4728.9 

-19181.7 

2096.9 

-29.454 

-.62o 

1458.57 

896028,37 

-.054 

.OOi 

55. 45 

8bOS?Q34.oa 

-.0X8 

• OOi 

72.000 

85052034.00 

30.896 

.61? 

.7377 

-.000 

• ooo 

• ooo 

-.7366 

-.620 

• OOO 

.Oun 

.0399 

.001 

59.6653 

-.040? 

31.7813 

-.038 

71.5676 

91.469U 

83,4175 

-.31? 

2.55 

-6280,344 

-.26 

-.17 

-38,93 

-.053 

.0006 

130425.95 

659.66 

1.50p 

415.26 

-485.917 

• 000 

.OUn 

.000 

.000 

67U00.6 

647186.7? 

,9936 

179.7722 

20976096,0 

2067,21 

29.0637 

175.971? 

.000 

.OOfl 

.000 

.0000 

.00 

.On 

.00 

.on 

104.8805 

91355,8 

80.2918 

28.6998 

80.0000 

793166,8 

1807261.8 

47157. S 

2647,34 

lbB5,7.i 

20956990,0 

20909848,0 

47151.9 

6387546,9 

155583.0 

3179465,4 

-81,3 

27724.7 

-363.0 

-18124501,0 

16045,2' 

32746.? 

52171.3 

9931118,9 

1409,61 

425. 7n 

2682.86 

2958.65 

-2.54 

124.44 

-13.43 

287.92 

924.14 

674.00 

1340.6? 

-398.32 

-87982.4 

1607257.8 

-103575.1 

400,1 

952.6 

-91.0 

1043.6 

454004,0 

-12140.4 

-3913.8 

-8226.5 

28187.2 

-32.591 

-.6i5 

1661, U7 

8S?205.1,5 

-.049 

. OOo 

45,74 

44620776,00 

-.010 

.003 

72.000 

44620776.00 

33,891 

.58p 

.3714 

-.002 

• 000 

.000 

-.3684 

-.615 

,000 

.01)0 

.0467 

.000 

56.7503 

-.030p 

32.1753 

-.024 

71.6334 

91.9418 

82.5323 

-.252 

2.48 

-6277.531 

— .23 

-.15 

-38,90 

-.053 

.0005 

110071.48 

644.72 

1.756 

298,60 

-237.615 

.000 

.QUn 

,000 

.OOO 

78623,9 

597272.84 

.9925 

1T9.7285 

20968273.0 

2237.44 

29.2626 

175.5665 

• 000 

.out) 

,000 

.0000 

.00 

>Oo 

.00 

.00 

114.6852 

122545.6 

80,1990 

28.6261 


September 1968 


9321,9 
.0017 
-80, 5437 
28.5303 
28.3891 
61.64 
.03 
-1.14 
698.6 

399572.5 
13842.3 
54,3483 

.0472 

.0198 

759.9 

.4 

.1 

996.88 

81.7 

47.25 

23107,74 

967.15 

115069.6 
1804,81 

10511539.6 

.0000 

.00 

102.1646 


12681 .3 
.0020 
-80.5238 
28.5332 
28,3720 
65.27 
.03 
-.91 
612.0 
205185,1 
12025.9 
60.3505 
.0536 
,0180 
767.9 
.4 
.1 

968.40 

65.3 

55.45 

19209.73 

952.07 

133574.9 

1807,39 

10521548,7 

.0000 

.00 

104,0210 


16849.4 
.0024 

-80.5114 

28,5368 

28.3756 

69.12 

.04 

-.47 

273.5 

233200,6 

26139.4 
56.4815 

.0486 

.0100 

777.3 

.4 

.1 

945.67 

69,1 

45,74 

P2°2.46 

1116,59 

156660,9 

1810.46 

10533448.3 

.0000 

.00 

105.8243 
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TABLE AP 3-1 (Sheet 8 of 15) 

PREDICTED S-IB-205 STAGE POWERED FLIGHT TRAJECTORY 


1 

as.oooQ 

761868 . Q 

1816406.3 

54547,4 

2 

2884.27 

1909,54 

20964375.0 

20909848,0 

3 

54537,0 

6369775. Q 

169321,4 

3144750,3 

4 

-93,9 

26346,1; 

-414.4 

-18123180.0 

5 

21949,2 

36265. p 

59383.7 

9928797,3 

6 

1545.59 

466 . 4(; 

2817.5) 

3156.63 

7 

-2,49 

124.^4 

-14.76 

251.00 

8 

1121,47 

734.7c 

1538.62 

-527,87 

9 

-74310.2 

1816405.4 

-84206.5 ■ 

-156.5 

10 

652.2 

-67.1 

919,3 

-220613.6 

11 

4793.7 

2122.4 

2670,9 

34980,2 
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TABLE AP 3-1 (Sheet 9 of 15) 

PREDICTED S-IB-205 STAGE POWERED FLIGHT TRAJECTORY 
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TABLE AP 3-1 (Sheet 10 of 15) 

PREDICTED S-IB-205' STAGE POWERED FLIGHT TRAJECTORY ■ 
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PREDICTED S-IB-205 STAGE POWERED PLIGHT TRAJECTORY 
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26 

27 

28 


13U.0000 

482317.9 

6291,05 

5187. 81 

155436,0 

6420099.8 

-138.9 

33877.9 

132794.6 

87872.0 

2996,57 

896. 6q 

.95 

120.6s 

4234.85 

1690.68 

20905,9 

1607687.1 

-1046,3 

-1015.fi 

-2259.3 

-115.fi 

-57.075 

-.41} 

-.149 

-,005 

-.004 

.000 

57,498 

.110 

,000 

.ouri 

,000 

.000 

35.5948 

.1793 

72.0911 

97.4970 

2.06 

— 61b8.74fi 

-38,50 

-.05? 

38.94 

4.791 

.000 

.OOn 

491232.2 

236672.87 

21217225,0 

5479.57 

.000 

.QUO 

.00 

.On 

243.8597 

1143795,8 


1807687,1 

185853,8 

:1U6S585.0 

20909848.0 

326739,4 

3387927,6 

-1135.6 

.18126842.0 

189636,2 < 

9862345,6 

4244.11 

5642.46 

-34.78 

-542.69 

4662,47 

-2760.53 

81fa7.fl' 

110. 9 

-30.7 

?9094,? 

-2143.0 

-68709.3 

5184.61 

414178.20 

3,94 

39187164.00 

72,000 

39183164,00 

1.9127 

.001 

-1.9125 

-.41) 

-.0274 

-.001 

28.6839 

-.083 

76.4050 

-.014 

-,QF 

-.03 

.0000 

—1650.36 

2.4? 

-74.478 

.000 

.000 

.9547 

178,503? 

31,3052 

170.1863 

.000 

.0000 

,00 

• on 

77.137) 

P9.4S29 
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134.5000 

6780.82 

169280,8 

-133,5 

152896.4 

3157.12 

1.47 

4705.21 

22156.1 

-1042,7 

-1750,3 

-58.887 

-.152 

-.003 

59,315 

.000 

.000 

34.2271 

72.1299 

2.05 

-38.45 

27.68 

.000 

580841.6 

21250292.0 

.000 

,00 

258.9512 


135.0000 

6837,35 

170863,9 

-132.8 

155262.6 
3175,10 

1.54 

4759.70 

23178.6 

-1043.9 

-2593.1 

-59,062 

-.152 

-.003 

59,315 

.000 

,000 

34.0790 

72.1345 

2.19 

-38.44 

26.64 

.000 

591749.7 
21254139,0 

.000 

.00 

260.6836 


454782 .? 

5 o & 6 , 2 >; 

6424240.1 

34418.4 

95800 . 4 

943.54 

119.96 

1834 , 9 ? 
1600288 ,? 
- 1024, 9 
72 .? 
-.396 

>,00i 

• OOn 
.000 
.000 
, 00(1 
. 2041 , 
98.0407 
- 6119.027 
—.087 
5 . 25 ? 
.OOn 

217208,84 

5937,05 

. 00 ), 

.Uq 

1343095.1 


451722,8 
5721.54 
6424713., 
34478.0 
96722,5 
948,74 
119.8fl 
1851.64 
1799343,2 
-1027,1 
-808. 1 

-.374 

-. 00 , 

-.OOi 

.OOn 

.OOn 

,00q 
.207? 
98.1015 
-6119.03, 
-,05? 
5.32? 
.OOq 
215144, 3u 
5989.97 
.OOn 
,Oo 

1366996,0 


1800288.3' 

21079548,0 

346127.3 

- 1250.6 

211735.3 
4400,23 

-38.15 

5134.30 

9641,1 

-17.8 

“1822.7 

5663.00 

3.94 

72.000 

2.2841 

-2.2834 

-.0223 

28,0356 

76.1017 

-.06 

.0000 

1.43 

.000 

.9468 

31.4420 

,OQO 

.00 

76,5336 


1799343,4 

21081147.0 

348324.4 

-1264,1 

214324,2 

4417.69 

-38.53 

5188.95 

9788.1 

-16.8 

-1785.2 

5718.28 

3.94 

72,000 

2.3226 

-2.3225 

-.0219 

27.9625 

76,0700 

-.06 

,0000 

1.34 

.000 

.9458 

31.4566 

,000 

.00 

76.4611 


169834.5 

20909848,0 

3414013,1 

-1H1?9677.0 

9849067.? 

5963.62 

-680.12 

-3114.03 

89.3 

11774.6 

-72662.2 

375156,27 

?S464966.00 

?b464966,un 

.001 

-.396 

-.001 

-.084 

-.003 

-.03 

-3121.05 

-63.216 

.000 

178.2711 

169.5706 

.0000 

.00 

29.5797 


171434.5 
20909848,0 
3417001.? 
-18130031.0 
9847514,0 
6000.25 
-696,23 
-3155.15 
138.0 
81563,9 
-73598,8 
370820.75 
35051835.00 
35051835.00 
.002 
-.374 
-.001 
-.084 
-.070 
-.03 
-3268.13 
-61.867 
.000 
178,2432 
169.5001 
• ooon 
• 00 
29.5971 


131048.4 

,0097 

-80.1705 

28.6350 

PB.4734 

121.13 

-.07 

-.15 

114.1 
30388.8 

- 1.0 

114,5735 

.1404 

,0039 

1014.3 

.6 

.1 

1082.07 

121.1 

3.94 

2144.13 

1184,77 

960232.5 
1895,79 

10854228.3 

.0000 

.00 

117.8497 


151813.3 

.0108 

-80.1116 

28,6518 

28.4901 

128.05 
-.07 
-.12 

103.2 
17672,2 
373.4 
118,2028 
♦ 1515 
.0033 

1062.5 
.7 
.1 

1076.19 

128,0 

3,94 

1822.76 

1179.41 

1130775.3 

1909,86 

10915566.8 

.0000 

.no 

118,4500 


154150.2 

.0110 

-80.1046 

28.6537 

28.4921 
128.86 
-.07 
-.18 
101.7 
16508,3 
40?, 2 

118,3979 

.1518 

.0034 

1067.8 

.7 

.1 

1074.34 

128.9 

3.94 

1785,27 

1179.41 

1151441,5 

1911.80 

10922944.2 

,0000 

,00 

118,5132 
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TABLE AP 3-1 (Sheet 12 of 15) 

PREDICTED S-IB-205 STAGE POWERED FLIGHT TRAJECTORY 


1 

1J6.UQ00 

995603.8 

1797419,4 

174663.7 

1>5890U,3 

2 

69!j1,70 

5 833 .94 

2108437a,0 

20909^40,0 

.0112 

3 

mo57.0 

6925667,8 

352744,5 

34?3032,5 

-fi0.0‘>05 

if 

-151,2 

39598,7 

-I2yi,5 

•.16130706, r 

?8,6>i77 

5 

16UU77.3 

98591,0 

ai9584.8 

9844304.8 

?»i,‘1961 

6 

5211.17 

959.26 

4452.60 

6074.12 

130,50 

7 

1.70 

119.73 

-39,30 

-720*99 

-.08 

e 

9070.06 

1885. 9q 

5299*65 

-3230.5? 

-.25 

9 

29948.1 

1797918.4 

10046,7 

109, 

93.7 

10 

-1095.9 

-1030.8 

-15*0 

162513,2 

13540,2 

u 

-5950,9 

-1828.8 

-1622,1 

-79B0S,n 

455.2 

xz 

-59,398 

-.15.8 

5B3o,l7 

362149. 6J 

118,6839 

13 

-.152 

-.OOj 

3.94 

3422^567.00 

.1525 

14 

-.006 

-.00? 

72,000 

34225567.00 

.0057 

15 

59.31b 

• oun 

2.2777 

• 00? 

1078.5 

16 

.000 

,oun 

-2,2776 

-.133 

.7 

17 

• Quo 

,00n 

-.0210 

-.001 

.1 

la 

53.7852 

.215.5 

27.8157 

-.084 

1070.29 

19 

72.1937 

98.2238 

76.0077 

-.121 

130.5 

20 

2.35 

-6119. Oln 

-.06 

-.03 

3.94 

2t 

-58.93 

-,05i 

• QOOO 

-‘^534,48 

1622.16 

22 

29,69 

5.99-7 

1.1«» 

-56.12^ 

1179,41 

23 

.000 

,Ouo 

.000 

• 000 

1103875. a 

24 

619181,3 

211071.73 

.943a 

170,106? 

1915.77 

25 

21261992,0 

6097,13 

31,4865 

169.3679 

10938061 .6 

25 

.000 

.OUn 

,000 

• QOOO 

,0000 

27 

.00 

.On 

.00 

• OP 

.00 

2B 

269. 1868 

1415919.4 

76,3126 

29*6327 

118,6375 

1 

137.0000 

939989,7 

1795476.5 

177931.0 

163767.0 

2 

7067.80 

5947,17 

2iun7635.n 

2U9O9840.O 

.0)15 

3 

177266.9 

6928631.8 

357199.4 

3429137, 9 

-80.0761 

4 

-129,4 

39718.8 

-1319.4 

-10131532. n 

?8,6fiie 

5 

165003.2 

100993.7 

2249b7,4 

9841011,5 

28,5002 

6 

3297.90 

969.90 

4468,34 

6149.16 

132.21 

7 

1.85 

119.59 

-4U.0Q 

-762*17 

-.08 

8 

9981.97 

1919,8? 

5411,91 

-3323.0? 

-.32 

9 

25309.3 

1795976.8 

10411,2 

07,9 

7R.3 

10 

-1097,8 

-1039.? 

-13.6 

40476,3 

13385.1 

11 

-1574.1 

-339.8 

-1339.4 

-85044.1 

473.1 

12 

-59.375 

.098 

5943.89 

355476.49 

118.6003 

13 

-.153 

-,0U3 

3.94 

x339Q3fU*0n 

.1531 

14 

-.005 

.00? 

72,000 

33390301*00 

.0051 

15 

59,315 

.000 

2.0019 

-.00? 

1080.2 

16 

.000 

.000 

-2.001A 

• 04A 

.7 

17 

.000 

.oon 

-.0203 

-.001 

.1 

18 

33.5009 

.2194 

27,6734 

-.085 

1065.79 

19 

72.1531 

98,399? 

75,9470 

-.02"' 

132.2 

20 

2.11 

-6119.038 

-,0ft 

-.04 

3.94 

21 

-58,92 

-.053 

• 0000 

-3917.07 

1339,49 

22 

22.76 

S.S77 

1,0*^ 

.45,549 

1210,06 

23 

,000 

.00(1 

,000 

.Qon 

1237697.5 

24 

637593.7 

207084.00 

,941fl 

1-P0.127? 

1919.87 

25 

21269953,0 

6805.68 

3l.bl38 

169*212? 

10953673,6 

26 

.000 

• OOfl 

,000 

*0000 

■ onoo 

27 

.00 

.0(1 

.00 

• 00 

,00 

26 

267.7675 

1964933,. 7 

76.159? 

29*669? 

118.7590 

1 

158.0000 

933365,7 

1794361.6 

181237,5 

188730.5 

2 

7185.65 

6062. Vo 

21090937*0 

20909340.0 

.0118 

3 

180553,1 

6927607.? 

361690.1 

3435310.8 

-80,0613 

4 

-127.5 

34837.0 

-134B.0 

-lBi,‘S2333.0 

08.6860 

S 

170091.7 

102930.8 

230443*0 

9837633. n 

28.5044 

6 

3285.70 

980.98 

4525.03 

6236,68 

133.05 

7 

2.02 

119.37 

-40. 8A 

-795. b6 

-.08 

8 

5095.29 

1959.57 

5525*54 

-3400,39 

-.05 

9 

22931.9 

1793361.8 

10825.0 

25,9 

62.6 

10 

-1051.5 

— 1038.O 

-1?.6 

-22713.7 

14808.1 

11 

-610.5 

996.fi 

-10b7.3 

-86334,0 

467.1 

12 

-59,322 

.093 

6059.49 

344807.34 

118.6377 

13 

-.159 

-.00| 

3,94 

■^2673032,00 

.1837 

14 

-.003 

.00? 

72,000 

3267-*032.un 

,0028 

15 

59.315 

.00(1 

1.6600 

-.00? 

1090,9 

16 

.000 

.QUO 

-1.6598 

• 041 

.7 

17 

.000 

. OUq 

-.Ul98 

-.001 

.1 

16 

35.2287 

.2266 

27.6390 

-.005 

1060.88 

19 

72,1626 

98.9627 

76.0881 

• 022 

133.9 

20 

1.98 

-6119.098 

-,06 

-.04 

3,04 

21 

-58.91 

-.051 

.0000 

-4347.60 

1057.41 

2?. 

20.97 

5.71? 

, 9 ? 

-34.607 

1266.92 

23 

.000 

• Oun 

,000 

.uoo 

1282860,3 

24 

061569.1 

205i85 . 87 

.9397 

170.0658 

1024.11 

25 

21278226,0 

6315.9? 

3X.b4l6 

169.0615 

10969797.8 

26 

.000 

. 00(1 

,000 

.0000 

.0000 

27 

,oo 

.On 

.00 

«oo 

.00 

28 

271.9583 

1518671.? , 

76.0004 

29*7068 

118.8776 
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TABLE AP 3-1 (Sheet 13 of 15) 

PREDICTED S-IB-205 STAGE POWERED FLIGHT TRAJECTORY 


1 

139*0000 

427246.7 

1790691 .7 

104584,6 

173fl2N.l 

2 

7305*30 

6180.34 

21094280. n 

2U9n984B,n 

,0120 

3 

I838b8«l 

642u593. a 

366217.4 

3441576.7 

-B(1.0>ifi2 

4 

-125*4 

34957. n 

- 1377 .? 

-181ft3l67.0 

2fl.67f>3 

5 

l7di94«2 

104402.0 

236043.4 

9834168, ft 

2fl.5nB6 

6 

3324.55 

992.34 

4562,75 

f>303.bA 

135.70 

7 

2.19 

119.24 

-41, 6P 

-829.21 

-,nfl 

a 

5209.94 

1989. /c. 

5640.61 

-,3494 .b« 

-.04 

9 

23542.4 

1790691. ft 

11283.6 

24,4 

SI. 6 

10 

-1U55.9 

-1043.4 

-12.? 

-5916.? 

1701“;, 2 

XI 

*“580.3 

280. s 

-flbl.n 

-36696, A 

424.7 

12 

-39,304 

-.00? 

617b , 99 

336136.24 

11R.619B 

13 

-*154 

-.UUl 

3.94 

.31746766.00 

.1544 

14 

-.002 

,00o 

72,000 

31 /4ft76b»on 

.0020 

Xb 

59.315 

,0O7 

1.3646 

-.000 

1110.7 

16 

.000 

,000 

-1.3644 

-.00? 

.7 

17 

*000 

• Ouo 

-.0193 

-.001 

. 1 

16 

32.9691 

,23<in 

27,4118 

-.089 

1055.57 

19 

72.1722 

98*579o 

75.8309 

.009 

135.7 

20 

2.00 

-6119.03ft 

-.06 

-.04 

3.04 

^1 

-3o.40 

-.Obi 

• unon 

-4816.81 

R51.12 

22 

19.28 

‘ b.b6o 

.80 

-26.211 

1350,50 

23 

,0u0 

• oun 

.oon 

• OUO 

1320425.0 

24 

o8bl38.3 

l99o73.47 

,937*^ 

178.002? 

1020.50 

25 

21286/67.0 

6426.4? 

11.568B 

168.9059 

109P6452.7 

26 

.OUU 

• Oun 

,non 

.0000 

.OPoO 

27 

.00 

• On 

• on 

• on 

.00 

28 

275.2560 

1572685.7 

75.8360 

?9.74b3 

lin .9033 

1 

14U*00U0 

421127. ft 

1787092.*^ 

1R7973.3 

179P10.3 

2 

7426.72 

6^99,06 

21097664.0 

20909840, 0 

.0123 

3 

1B72U2.5 

b42gb9l.cp 

3707rt2.4 

3447912.9 

-flo.o'na 

4 

-123.1 

3bU76.i 

-1407,1 

-18134036.0 

24.6"’47 

b 

ldU4o2.0 

lUo41U.ft 

241759,8 

9830616, K 

20.5130 

6 

3364.33 

1003.8Q 

4603 .37 

6383,07 

137.42 

7 

2,36' 

119, U? 

-42,49 

-863,17 

-,0B 

a 

5326.11 

2025,00 

5757,16 

- 3501*99 

-.115 

9 

24116.5 

17B7092.ft 

11656,0 

27.6 

41.7 

10 

-lUoO.b 

-1046, ft 

-11.7 

13Q12,«; 

10147.7 

11 

-627,1 

bO,p 

-687.5 

-A79U8.4 

301.7 

12 

-69,312 

-,0Uo 

6296,30 

327465,09 

110.6279 

13 

-.155 

-.out 

3.94 

3u920496,00 

.1551 

14 

-.002 

.OUn 

72,000 

30920496,00 

.0020 

15 

59.315 

• oun 

1.1053 

• uon 

1J21.4 

16 

.000 

• OUn 

-1,1051 

-.009 

.7 

17 

• 000 

.Oon 

-.0188 

-.UO! 

.1 

18 

32.7199 

.2301^ 

27.2907 

-.U86 

1049.09 

19 

72,1819 

98.693ft 

75.775U 

-,U04 

137,4 

20 

2.04 

-6119.03ft 

-.06 

-.04 

3,04 

21 

-38.38 

-.05] 

• Qoon 

-3196,8?> 

607.58 

22 

17.69 

5.997 

.70 

-19.55A 

1457,63 

23 

• OuU 

.oun 

,000 

.000 

1377437.0 

24 

711736.8 

I95to42.0ft 

.9353 

177.9361 

1033.03 

25 

21296571, 0 

6538,7ft 

31.5956 

168.7457 

llon365tt,2 

26 

.000 

•Oun 

^ ,000 

*0000 

.onno 

27 

• UO 

• on 

• 00 

,on 

.00 

28 

2/9*1556 

1626505.7 

75.66r^1 

?9.7b5n 

110.1063 



INBOARD ENGINE CUTOFF 



1 

140.1100 

42U45B.O 

17nbfi79.P 

168348.5 

170597.7 

2 

7440.19 

6312.94 

aiOPBUjti.n 

2U90984H.0 

• 0124 

3 

187572.8 

6429702.4 

371287.0 

3448614.7 

-OO.O’ol 

4 

-122.8 

35089.? 

-mO.B 

-I8l34l34.n 

28.6752 

5 

181U48.6 

108633. ft 

242395.0 

98.30220,3 

28.5135 

6 

3368.76 

lUOb.lft 

46I)b.6P 

6391.80 

137.61 

7 

2.38 

119. un 

-42,50 

-866,9? 

-.08 

6 

5338.9/ 

2u29.3ft 

577[i.07 

-3591,65 

-.05 

9 

24U88.B 

1786679. ft 

11621,0 

26,0 

40.5 

10 

-lObO.9 

-1049. ft 

-11.6 

14336,0 

18800.8 

11 

-616,1 

51,? 

-667.5 

-06090,1 

370,0 

12 

-59,313 

-♦OOq 

6309.62 

326503,30 

118.6289 

13 

-.155 

-.out 

3.94 

ftU81n6B8,0n 

.1552 

14 

-.002 

.004 

72.000 

30810688,00 

,0020 

IS 

69.315 

,oon 

1 . 0775 

-.000 

1122.8 

16 

.000 

» OOn 

-1.0773 

-.000 

.7 

17 

,000 

• Oun 

-.0187 

-.out 

.1 

18 

32.6932 

.239? 

27,2777 

-.086 

1049,25 

19 

72.1830 

9B.706n 

75.769' 

-.004 

137,6 

20 

2,04 

-6119.03ft 

-.07 

-♦04 

3,04 

21 

-38.38 

-.05i 

,UDOn 

-5162,60 

667.63 

22 

17.52 

6.01ft 

• 69 

-18.877 

1462.09 

23 

• 000 

, oon 

.OOP 

.oon 

1302807.5 

24 

714603.8 

195237. 2ft 

.0351 

177.9287 

1033,54 

25 

21296556.0 

6b51. I 7 

31.5980 

168.7278 

11005580.3 

26 

.000 

• OOn 

.OOP 

.uoun 

.onno 

27 

• UO 

.04 

.UP 

.00 

.00 

28 

2/9.5917 

1634758. ft 

75.647P 

P9.7894 
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TABLE AP 3-1 

(Sheet 14 

of 15) 



PREDICTED 

S-IB-205 STAGE 

POWERED 

FLIGHT TRAJECTORY 


1 

141.000C 

416901,1 

9192U4.0 

101398,0 

1(14319,2 

2 

7310i54 

6381*34 

siioiOHa.n 

a09o9848,n 

.0126 

3 

I90bb0«9 

6430599, 

37b380.n 

3484319,0 

-BO. 01 st 

4 

-lau.fc 

35195, 1 

-1437.fi 

-l»1349i7.n 

2B.6791 

5 

l8aB3b,7 

10b4b(] ,7 

E47S83.7 

9B?64b3,fi 

98.5174 

6 

33S4.53 

1009, bo 

4630,70 

8438.50 

71.97 

7 

2.bb 

llfc.bR 

-43.20 

-890.11 

-.05 

a 

b4l)9«91 

2obl ,lp 

5841.17 

-3647.28 

-.04 

9 

X7642»3 

9l92U4,n 

11169.4 

24.7 

30.8 

10 

-647.9 

“646 * i 

-l.fl 

14017,0 

14733.5 

11 

-blS,6 

-4,r 

-501.5 

-S43B9.fi 

634.7 

IZ 

-59,320 

-.007 

6378.07 

320157.04 

118.63fa7 

13 

-.140 

*04x 

3.94 

39991758.00 

,1403 

14 

-.003 

, Oun 

72.000 

P999l758*0n 

,onx9 

15 

59,315 

,0uo 

.8607 

-* 00 n 

1139,7 

lf> 

,UU0 

• OUo 

-.8607 

-.007 

.7 . 

17 

• UUQ 

.OOn 

-.0030 

.043 

.1 

IS 

32*46bQ 

,2450 

27.1516 

-.057 

1043.B9 

19 

72*1920 

9o.79oo 

7b. 7393 

-.007 

79.0 

ZO 

1«U6 

-6099, 05n 

-.07 

-*U4 

3.94 


-3ti*37 

-.051 

• unun 

-U7lb.43 

501,79 

zz 

15«99 

6.lin 

.61 

-13.769 

1487.77 

as 

• 000 

pOUo 

.non 

• oun 

1412684, e 

^4 

/3U5b7*0 

193u?3,2o 

• 9337 

lt7,S924 

1936.36 

a& 

2i3UaU30«0 

6bl9,6f, 

31,6144 

l6a.655«J 

11016290.5 

as 

• QUO 

• Oun 

*noo 

• uuon 

• OOnO 

zi 

.uo 

.on 

,on 

• on 

.00 

as 

261*7246 

1669666, 

7b,54i0 

P4,«130 

119.1BS5 

1 

I42*oou0 

4l266b,p 

894976,6 

In4fl34.‘^ 

109589,3 

2 

/5by,35 

643n*0i 

21i04Si5*0 

2U9n9R48,o 

.0129 

3 

l9J9t38.b 

5431610,? 

379965,*^ 

3460758,4 

-7a, 9901 

4 

-117,9 

3b313«o 

-I4fan.3 

-181-^5862. n 

98,6837 

5 

191276,9 

110511,? 

* 253473.6 

yS?3?97.3 

98.5919 

6 

3390. 6H 

lull . 07 

462fa,17 

6450.41 

70.61 

7 

2,63 

116. ?q 

- 43.74 

-912.07 

-.02 

B 

5470,43 

2u69.7i 

5901, 7fl 

-■^696 ,7n 

-.02 

9 

lo94b,6 

694978,7 

10672.*= 

16,4 

20.7 

10 

-23B.1 

-259. q 

21.^ 

bbl8*p 

0758.4 

11 

-312,6 

26,c] 

-329,8 

-20817,1 

1301. V 

12 

-59*324 

• Out 

6432, 6« 

31«=68U.b6 

118,8393 

13 

-.097 

• U3(i 

3,9« 

994lJil22.un 

.0070 

l'^ 

-•001 

.OUi 

72.000 

29414122. on 
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15 

09,31b 

• OUn 
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-.001 

1130.8 

16 

,uuo 

.Oun 

-.6211 

• 001 

.7 

17 

• 000 

,uon 

• 040"^ 

.034 

.1 

IS 

32,2614 

• 25a? 

i»b.999'i 

-.033 

1037,54 

19 

72.2031 

9b. 683^ 

75,717? 

-.006 

70. b 

ao 

i«U3 

-60y9.0Jn 

-.07 

-.04 

3.04 

ai 

-36*36 

-,05t 

• onun 

-42?3.76 

330. sa 

22 

14.31 

6,19o 

.53 

“S.san 

1498.71 

23 

.000 

♦ oon 

,oon 

• oon 

1438503,3 

24 

/44379.7 

191164.8? 

.9325 

177.8656 
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26 
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31.6274 
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H0955b0.8 

26 

• OUO 

,OUn 
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• ooon 
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27 

• uo 
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• on 
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. no 

as 
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1699642, 0 

75.4492 

29.8360 

119,2405 

1 

I4^,UU00 

409650. A 

869288.7 

lo«277,R 

l"5109.g 

2 

7b22,35 

0486 , 8 p 

21107965. 0 

209n984S,n 

.0132 

3 

l973bl.S 

6432621.0 

354595.*= 

3467224,? 

- 79.9831 

4 

“115,0 

3o432,7 

-1499*^ 

-lO13b8O9,0 

Bfi.fiBOR 

5 

I9a776.9 

112590. n 

2594^3,7 

9819561, n 

28.5265 

6 

339b, U9 

1012,27 

4630.7? 

6486.87 

69.08 

7 

3,16 

116. /n 

- 44 , 2 ? 

-933.71 

-.02 

S 

5529,32 

2uS7.5n 

5960,76 

- 3744.90 

-.01 

9 

lo2^S*l 

B692B8,q 

10219.7 

1.6 

11. 6 

10 

-276.5 

-3U5,^ 

28.5 

-4610,1 

5931 .6 

11 

-71.4 

110.^ 

-ISl.l 

-?44uLi«3 

1486.9 

12 

-59.320 


648b*54 

311453,98 

118,6350 

13 

-.077 

.OUft 

3.94 

98864705.00 

.0768 

14 

-,0U1 

, OOn 

72,00n 

2b8on70b.un 

.0087 

15 

59,315 

• OUo 

• 3fl2« 

-.000 

1146.5 

16 

,000 

• OUfi 

-•3781 

.006 

..7 

17 

.000 

• oun 
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• UQA 

.1 

16 

3a*u4l4 

.2590 

?b*b484 

-.036 

1031.18 

19 

7a-214B 

96.9720 

75,6971 

• UO] 

S'*.! 

20 

1.96 

-3072. OUn 

-,07 

-.04 

3,94 

al 

-3tt.3b 

-,05l 

,0000 

-^<773. 40 

183.38 

aa 

12*78 

o,2ba 

.46 

-4.832 

1409,68 

23 

• OUO 

• OOfi 

,00fi 

• oon 

1463867.6 

24 

757966,0 

189^86, 

♦ 9313 

177.6397 

1941.90 

25 

21311355,0 

6/35. /7 

31*b39fl 

l68«bSl6 

13 034660,6 

26 

,0U0 

.Oun 

,000 

• uugn 

.0400 

27 

• UO 

.un 

• on 

• on 

,00 

as 

284«bbo6 

l729PU3.n 

75.3591 

29.6556 

119.2023 
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TABLE AP 3-1 (Sheet 15 of 15) 

PREDICTED S-IB-205 STAGE POWERED FLIGHT TRAJECTORY 

OUTBOARD ENGINE CUTOFF 
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IHi.llOO 

409321.] 

7BdH45.^ 

198657,3 

18570 ?. 6 

z 

7»^7.97 

6494. 2P. 

ail08354.n 

2U9n964a,fi 

. 0 ] 

3 

l97/i5.4 

6432733. 

365102. B 

3467937,0 

-7<J.9ft)3 

4 


35445.4 

-isoa.fl 

-lBi3fa9l5.0 

?8.6RP7 

5 

l9TJb5.5 

112819,7 

kfional 

9819147,0 

?B.5?70 

6 

3^96,24 

IUI 2.33 

463l*0n 

6489,43 

*2.14 

7 

3.19 

118. 7n 

-44.26 

-936*01 

-.02 

B 

Sb3b,H3 

2009. DR 

S96o.B7 

-■^750,04 

-.01 

9 

9198,3 

7808 45, f, 

3727,1 

2 ,n 

in . 7 

10 

-a/3,7 

-302. c 

2 S.O 

-3U4.3 

4R54.4 

11 

-77.5 

89. n 

-166.4 

-25059, n 

1081 .3 

12 

-59.319 

• OO 7 

649U.9? 

* 310995.21 

lin,6143 

13 

-.0 76 

• OO 7 

3.94 

?bH0o503,U0 

.07R9 

14 

-.001 

• oon 

72, OOP 

?ba0bb03.0O 

,0006 

15 

59.315 

.OOi) 

• 4bo7 

-•oun 

1147.2 

16 

.000 

, 00 n 

-.3516 

.007 

.a 

17 

.000 

.000 

• 0610 

• OUT 

.1 

IB 

32.0174 

.2602 

26.6322 

-.037 

1030,45 

19 

72.2160 

9b.982ft 

7b. 6951 

• 002 

6?,1 

i:o 

1.78 

-3072. UOn 

-.07 

-.04 

3,04 

<il 

-38,34 

-. 05] 

• ooon 

-•^726.00 

168 . as 


12.62 

6. 29n 

.4*^ 

-4.43S 

1500.01 

23 

.000 

.Ou(i 

. 01)0 

• oon 

1466511.3 

24 

759303.1 

189203.37 

.9312 

177.637! 

1441.45 

25 

21311835.0 

6741.6(5 

M.6411 

168.576S 

11035*08,2 

26 

.000 

.Our 

♦ 000 

«uuon ' 

.0000 

27 

,U 0 

.On 

,00 

• on 

.no 

2d 

285.0094 

17322/9.(5 

76.3497 

29.b576 

119,2076 

1 

144.0000 

407682,(5 

597^6. ° 

2ni72l,n 

2no567.6 

2 

7035.52 

6h99. I-s 

21111393.0 

2ugn9848,n 

.0135 

3 

20U752.8 

6433632,11 

3H92U2.0 

3473704,4 

-79.9668 

4 

- 111.6 

35551. 

-Ibil.n 

-181-^7775, ft 

?8.6°28 

5 

202323,2 

114683.(5 

265420.4 

9015786,3 

?H,53]0 

6 

3379.31 

lU0b,9R 

4bl3.dO 

6479,97 

4,98 

7 

3,45 

lib. Os 

-44.63 

- 947 . bO 

.00 

a 

5352.18 

2094.OR 

598i.bP 

-3768,76 

-.00 

9 

3727,7 

59727.(1 

3322.6 

3.4 

4.0 

10 

6.7 

- 20.7 

27.4 

347.0 

1703,3 

11 

-44.9 

14,(1 

-59.0 

-82b,3 

1014.2 

12 

-59.314 

.OUT 

6496.36 

310992.78 

118.6296 

13 

-.072 

.004 

3.94 

?d80Q277.on 

.07S1 

14 

-.001 

-.000 

72,000 

26809277.00 

.0005 

15 

59.315 

.00(5 

.1534 

• UOft 

1147,2 

16 

.000 

• OJo 

-.1391 

.003 

.8 

17 

.000 

,0U(5 

.0646 

• 004 ' 

.1 

18 

31.8204 

• 266 q 

2o.b734 

-*Q3R 

1024,56 

19 

72 ,22o2 

99.048a 

7b.69b4 

.003 

5.0 

20 

.10 

-4058.20] 

-.07 

-.04 

3.04 

21 

-30.33 

-.05] 

• ooon 

-'*322,36 

*s.oa 

22 

11.25 

6,34] 

.40 

-l.bbR 

1500,55 

23 ‘ 

.000 

. 0U(5 

,000 

• oon 

1473955.4 

24 ^ 

763374,1 

188691,20 

.930R 

177,8406 

1942,16 

25 

21313184.0 

6/58.84 

31.644*^ 

168.6260 

11038278.9 

26 

.000 

.OOo 

,000 

• ooon 

.onoo 

27 

.00 

• Uo 

,00 

• Oft 

.00 

28 

284.8603 

I74u944.fl 

7b.j23? 

99.8634 

119.3121 



S-IB/S-IVa PHYSICAL SEPARATION 



1 

144,4889 

‘t0 7S16.j 

44461 .4 

2n339b.u. 

203241.9 

2 

7630.70 

6493.7a 

21113066.0 

20909B48.n 

.0136 

3 

2024U2.0 

b4i4I23#o 

391445.3 

3476fibb,7 

-79,9589 

4 

-109,9 

36669..-^ 

-1546,*^ 

-I«l382b2.n 

28.6950 

5 

205037.9 

Ilb7u7.-^ 

268365.4 

9ai393b,4 

28.5333 

6 

3365.37 

lU02.bA 

4599.77 

6467.66 

3.76 

7 

3.57 


-44,81 

-952.13 

.00 

8 

5053.70 


5984.91 

-3773. 

.00 

9 

3412,6 

44461. i| 

3109,0 

• 1 

.8 

10 

11.4 

-15.0 

26.4 

-674. A 

233.2 

11 

-.1 

9. ft 

-9.0 

-Sbl.c; 

971.9 

12 

-59,313 

• nu-^ 

6490,4“ 

310992.5*^ 

118.6281 

13 

-.070 

.OOu 

3.94 

98BOQ25b«Oft 

.0703 

14 

-,00l 

-.oun 

72,000 

28800256.00 

.0006 

IS 

59.315 

.uuo 

,u642 

.000 

1147.2 

16 

.000 

• Oun 

-.0236 

.003 

.8 

17 

.000 

• oun 

• 0664 

.0(14 

.1 

IB 

31.7217 

.2703 

26,5602 

-.036 

1021.29 

19 

72.2317 

99 .06.17 

75.6994 

«UU3 

-3,8 

20 

.07 

“40faa.2bi 

-.07 

-.04 

3.94 

21 

-38,33 


• OOUO 

-^lOB.93 

25.11 

22 

10.52 



-.237 

1500.69 

23 

.000 

• Oun 

«ouo 

.000 

1474754,6 

24 

703802.6 . 

166636.93 

.9300 

177.8482 

1942.23 

25 

21313328.0 

6760.14 

31,6446 

168.6692 

11038564.9 

26 

,000 

. OOn 

,000 

•uoon 

.0000 

27 

.00 

• On 

• 00 

.00 

,00 

26 

284.4533 

X74i89b.n 

75,3203 

29.8644 

119.3134 
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TABLE AP 3-2 (Sheet 1 of 13) 
PREDICTED S-IVB-205 STAGE POWERED FLIGHT 

CQI^STANI VAl.Ub FQK THt ENTIRE ANALYSIS 


TRAJECTORY 



«SQSbll4-02 

,2(1522(1+32 

,720000+02 

,iQ00an+oi 

,321740+02 


• 14076b 4-17 

•2092b7+0a 

•2UBb56+0A 

•729211-04 



•102945-02 

•230000*05 

•787600-05 

•UOUQOO 



• 005611^402 

•006590+02 

•006435+02 

,7X2094+02 

,646530+0? 


•28b22U«02 

•204637+02 

•2BS4P4+02 

,26b?0S+O2 

,323401+0? 


•QUOUOO 

•uaoOQO 

.Qooono 

•ODonoo 

,160000+0? 

1 

tike 

HEIGHT 

F Cd T 

ALTITUDE 

RANGE 

2 

V So 1 

V bd E 

K $d C 

R SU L 

Range angle 

3 

X Sd e 

X SB P (M) 

X Sd S 

XI 

D« SB 1 

4 

Y 5d E 

Y bti P (H) 

Y Sd S . 

ETA 

A« Sd 1 

b 

2 Sd £ 

2 SB P IN) 

sti s 

7ETA 

E* bH 1 

6 

U-X bU C 

U-X Sd P (M) 

U-X 5B S 

n-xj 

A Sb XM 

7 

0-Y bs e 

U“Y Sd P <MJ 

U-Y SM S 

n-tTA 

A Sd YM 

a 

0-2 bH E 

U-Z Sd P (M) 

U-2 bH S 

d-zeta 

A Sd Z» 

3 

F Stt X 

^ bd TX 

F SB AX 

H Sd X 

M Sb AX 

10 

F Sd Y 

F b8 TY 

F Sd AY 

M Sd Y 

M Sd AY 

u 

P Sd Z 

f bB TZ 

F Sti AZ 

M Sd Z 

K Sb A? 

12 

THETA(H) OKP OTHETArH)tf«K 

F AdX Sd X 

1 Sd XX 

CPS(THFTA) 

19 

PS|4M) OKF 

0 -P 5 I|MJiiRK 

f A\JX SB Y 

I Sd ty 

EPS(PSI) 

1** 

PHUM> dKK 

U-PHI<H}<]RK 

F Auy SB z 

I Sd ZZ 

EPSfPHl) 

15 

CHI be P 

U-CHl bB P 

THtTAlP) 

P Sb M 

D-EPSiTKETA) 

16 

CHI bti T 

U-CHI bB Y 

THLTArY) 

0 SB M 

0 -EPsiPSn 

17 

CHI bB K 

U-CHl SB R 

THSTA4R) 

H Sb H 

O-EPSIPHIJ 

16 

QAHMA Sh i 

ifAMKA bB \l 

6 AKHArlI)PR» 

DELTA(A) 

D-OELTA(ai 

19 

GAMMA Sd ^ 

GAMMA bB 21 

GAMMAr 2 nPK. 

□ELTA(6> 

D-OELTA(R» 

20 

1 Sd SP 

AVG 1 SB SP 

HEIGHT FLOW 

AVG D-X 

AVG F SB U 

21 

d 

HACH tro, 

PRESSURE 

TEHPLMATU6E 

X Sb CP 

22 

H(J 

KHO 

MHO PRIME 

6 {RK 0 ) 

G(Pbn 

29 

AUPrtA* 

ALPHA 

BETA 

CKOrU FOrCE 

V sb HP 

2 « 

Y 4 Vr 1 > 

OELTA.O-X(V) 

bMCY 

DEtTA.G.ZtV) 

TAn( 3 ) 

25 

0ELTA-T(3J 

UtUTA-0-Y(V» 

H 9 ) 

7HETA<T) 

PHMT) 

26 

T< 2 > 

OEtTA-T(CO) 

V{T> 

TAUC2) 

CHI(P)-TlUOE 

27 

SAPClj 



V Sd H 

E Sd W 

2 a 

THETA Sd C 

U-THETA Sd c 

X Sb CG 



29 

PSl bti C 

U-P 51 jB C 

Y Sb CG 


GAMHA Sd IF 

3U 

PHI bti C 

U-PKl bB C 

z Sd CO 


OAHMa Sd 2F 

91 

H(PtRj 

V<FEH) 

ECCEriTHECny 

PERIOD 

d£1A 

92 

K4API 

VtAPl 

INCLINATION 

e/M 

8ETA<F» 

93 

T Sd F 

$ bS F 

ViF) 

MU Sd F 

KHO SB P 

94 

AVG FL. HMM 

AVG ISP HMK 

AVG WUT KhR 

AVG fL RHR 

AVG ISP RMR 

95 
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•((LOXIRES 

H(tM2)RES 

O-W(LGX) 

D-XrLH2) 


*'lOATINS PoI«T divide OY 2fcR0 AT } OCATIOn 

S-18/S-1VB PjnSICAL SEPARATION 
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- 35.671 

11 
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13 
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-.0030 
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.GOOO 
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•oooo 
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-.uooo 
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• OOOO 

..oono 
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20 . 5 S 1 S 
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.oono 

19 
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• 1088 

14 

-«OuOO 

.OOUO 

,0000 

8202695.400 

.0000 

15 

-39.3100 

.UOuO 

«OOOQ 

-.0001 

-,04?7 

16 

.oooo 

.4000 

iOQQO 

.0427 

.0647 

17 

.OqOO 

-.(rooO 

,0004 

-.0647 

-.ODOo 

ib 

34,749s 

23*6841 

24,6447 

.0642 

.0786 

19 

72,3760 

73,81X4 

75*7360 

-.0714 

-.0277 

20 

445,7975 

*4000 

-428.8395 

■ OOOO 

*ono 

21 

5,3914 

6.S193 

.1812 

4flbi379A 

690,0ftQ 

22 

79,8789 

28.7159 

2A.SSSB 

-3li54Srt 

-.0492 

23 

1,2407 

1,2403 

-.0330 

-232.9076 

6442.401 

24 

6600404,9000 

.9000 

.OQOO 

.000 

*oono 

25 

,oooo 

.9000 

159.AQ00 

,000 

•oono 

26 

266.30OO 

.7000 

7780,6699 

• 000 

,0000 

27 

110.0778 



,0000 

.0000 

28 

-59.310U 

.9000 

424.3802 


29 

,0000 

*9000 

-,8357 



30 

31 

,OqOU 

.9000 

-.2131 



33 

34 

• OqOO 

.OOO 

,0000 

.0000 

• OOQ 

35 

.0004 

192867,3300 

39526,3390 

-364,115 

-64.680 


1 

150,0000 

304794iQlO 

197408,140 

221843*17(1 

233412*420 

2 

7595.2016 

6445.1665 

2113148A.O0 

20909645*00 

,63Q6 

3 

22o53u»6bu 

6439552. 40D 

217263,390 

7.5S5 

322776*440 

4 

-8b.47b 

36262.380 

63041.156 

-•023 

71,9791 

5 

235690.340 

127269.372 

43b7?3,l70 

12,633 

43,0966 

6 

3217.2085 

956.0158 

3136.5349 

6,2927 

20,976% 

7 

5,0221 

llb.3682 

38A.3471 

-.0303 

-.0434 

8 

S564.7754 

2105*0721 

69U6.4046 

10.5231 

-.0432 

9 

196713,870 

197407.510 

-215,236 

-21.221 

•8*746 

10 

-4U,bU 

-411. Il3 

-.94* 

-1379,065 

2778. 0'^6 

11 

-409,269 

•2834816 

-125,713 

-2665,404 

-5.871 

12 

-59.1943 

,0390 

1521,5982 

99749,901 

-.1157 

13 

-.1475 

-,I>816 

•OOOO 

8199753.000 

,14t5 

14 

-,oooo 

,0000 

•oooo 

8201928,100 

.odoq 

15 

-59*3lOu 

,0ou0 

,0000 

-.0001 

-*0340 

16 

.OoOD 

• OODO 

•Doao 

.0390 

.0816 

17 

.OqOO 

-.4000 

• 9000 

-.0816 

-.OOflO 

16 

30,5832 

2b.S78? 

25. 5394 

• 1193 

.0588 

19 

72*3840 

75.8117 

75.7374 

-.0824 

-,0147 

20 

437.0324 

434.3511 

-455.1816 

-444.4112 

195223.570 

21 

4.9823 

b,b4B0 

.1660 

403.1713 

69D.0AO 

22 

79.8692 

2d. 7186 

28.558$ 

-31*5392 

-.0422 

23 

i.4oie 

1.4018 

.0105 

-2X5,2361 

644S.167 

24 

6600404.9000 

.0000 

• OOOO 

,000 

.0000 

2S 

• OqOO 

*UooO 

ISa.OOOO 

.000 

.OOOQ 

26 

286.3q00 

,0000 

7760.6699 

, 00 a 

• OOOO 

27 

110,1760 



•oooo 

,0000 

28 

-59,3100 

.(lOOO 

424,4562 



29 

,oooo 

.0000 

-.8365 



30 

31 

32 

33 

34 

*OoOO 

.OOOO 

-.2133 



.O9DO 

•000 

,0000 

•oooo 

*Ono 

35 

.OOOU 

192640.2200 

39484,2720 

-381.359 

-73.788 

1 

155,0000 

302277.680 

227314,090 

.238020,830 

261083.990 

2 

7641. 6q07 

64A1.0292 

21147642,00 

20909622.00 

,71A4 

3 

238377.4&0 

64H42b6.9U0 

23269S.OOO 

82.S46 

354242,410 

4 

-59,354 

36853.030 

64978,988 

-.832 

71,9872 

5 

263841.570 

137864,830 

4704B$.170 

137,796 

41,8571 

6 

3123,4244 

925.9739 

3037,9723 

24.2559 

24.1833 

7 

5.7422 

117.5696 

386.6784 

-.3274 

-.0704 

8 

'5678,7260 

2134.0258 

7001.4070 

40.4665 

-.037? 

9 

227204,(70 

227313.030 

-106.869 

-13,036 

-8.048 

lo 

-661,264 

-661.554 

„0,567 

225*707 

2580*320 

11 

-354.485 

-P37.386 

-116,977 

ltt78,439 

-203.547 

12 

-59.1678 

-,0156 

.0000 

99744,391 

-*1422 

13 

-*3542 

,0183 

,0000 

8193252,500 

*3542 

14 

-•OqOO 

4 OOOO 

.0000 

8195425,000 

.0000 

IS 

-59.3100 

,0000 

,0000 

• 0001 

.0156 

16 

■ OoOO 

• OQOO 

,0000 

-•0156 

-,0183 

L7 

,oqoo 

-.0000 

,0000 

*0183 

-,OOOQ 

18 

29,5259 

Z4.7055 

24,6661 

*1642 

-,0l77 

19 

72,4300 

75,8057 

75,7345 

-.0598 

,0077 

20 

427.3908 

431.2671 

-531.8622 

-497.0703 

214231,680 

21 

2.5201 

6.8069 

.0777 

377.2401 

6q0i0flQ 

22 

79,7870 

28.7416 

2A.SB15 

-31*4909 

-,0421 

23 

2.SB74 

2.5788 

.2111 

-108.8685 

6461. D29 

24 6600404,9000 

• OOUO 

• OOOO 

.000 

,0000 

25 

.0(]QO 

,0000 

iSo.flOOo 

.000 

.OflflO 

2b 

286.3gOO 

.OQOO 

7780,6699 

.000 

,0000 

27 

110.9860 



*0008 

.0000 

28 

-59.3100 

.ODOO 

426.1000 



29 

,oqod 

*0000 

-.A433 



30 

>1 

32 

33 

34 

.OOOD 

,0000 

-.2154 



,OQOO 

«ooo 

,0000 

• OOOO 

>00Q 

35 

.OqOO 

190530,9600 

39087*1540 

-449*779 

•82.084 
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TABLE AP 3-2 (Sheet 3 of 13) 

•PREDICTED S-IVB-205 STAGE POWERED FLIGHT TRAJECTORY 


ULLACE Wtt£T OEniSO.1 


s 

lb6,4lftb 

3Q1313.6ttO 

227242.750 

242508.250 

268967.770 

1 

.165.0400 

287747, 9U0 

227242.200 

269152,988 

317784.2^0 

z 

• 7bb7.2l27 

6493.4044 

21152122.00 

2U9096lb«0n 

,7370 

2 

77b7,3p79 

6570.4466 

21178725.00 

20909574.00 

,87a8 

i 

240763.490 

b44bnbb.Aua 

2369^9.500 

120.S1S 

363153.490 

3 

266713.720 

6453227.009 

262lP7.5Sg 

515,680 

417639.040 

4 


37019.109 

6b6P3.05i 

-1.3SB 

71.9804 

4 

b.165 

38026.477 

6B8P8.B78 

-7,085 

72,0012 

s 

27lft6ft.30u 

140079.060 

4B0177,D«O 

201*145 

41,5275 

5 

321627.990 

159512. 6bO 

541508. 290 

861.057 

39,6674 

. 6 

3097«9:>40 

9i;«74u5 

301] .123a 

29.5997 

24.2691 

6 

294S.067U 

a6«.6722 

2846.6662 

62.6646 

26,4047 

7 

b.943u 

117.7n9'5 

326.1860 

-.4175 

-«06?Q 

7 

7.4C8B 

116.8247 

383,2830 

-.9285 

— 07-»7 

« 

b706.7<»S7 

2142*0^77 

7029,7169 

49.3930 

-.0340 

8 

S8bD.l556 

2196,0147 

7204.7726 

104.6932 

— 0319 

9 

2271B2.S&U 

227241.920 

•A9.367 

-11.998 

-7.440 

9 

2272lb.4bO 

227241.020 

-25,575 

-7,255 

-3,740 

ID 

-bSO.611 

-573.79? 

-6.651 

723.227 

?363.6?5 

10 

-695. 21U 

-693.459 

-1.69g 

61 .959 

1265.344 

u 


-211.522 

-197.279 

-5B8.b2« 

-140.3^8 

11 

-285.601 

-234.575 

-51,071 

48,169 

-44.954 

12 

-b9.1ft6b 

-.0102 

•nooo 

98825.504 

-.1255 

12 

-59*1468 

.0064 

.0000 

48067,565 

-.1152 

n 

-.3237 

.0215 

.nooo 

8189010.000 

.3247 

13 

-.3323 

-.0196 

• flOftQ 

5767846,000 

,33P3 


.Ool^O 

.0000 

.noou 

8l911al.6O0 

.oono 

14 

-.OqOO 

,0000 

•oooo 

5790011,900 

,0000 


-b9,3lV0 

.0000 

.0000 

.0001 

.0102 

15 

-59.310U 

.oouo 

.OOOO 

-.00(10 

-.0064 


• OqUu 

»oogo 

.noOo 

-.010? 

-.0215 

lb 

,O0UU 

.uooo 

• nooo 

.0064 

• 0l»6 

IT 

• OuOll 

-.uouo 

.nooo 

.0215 

-.0000 

17 

.oooo 

-«O0OO 

.oooo 

-.0196 

-.OOno 

1ft 

29.2313 

24,4636 

24.4243 

.1447 

-.0115 

18 

27.4731 

23.0232 

2?*48S9 

.1748 

.0117 

19 

72.4430 

7b. 0035 

74,7330 

-.0533 

.0094 

19 

72,S2bS 

78.7940 

79.7281 

-.0591 

-.0048 

2ft 

427.1010 

43U.4S76 

-b3?.056b 

-504.1937 

216857*900 

20 

425,2439 

42B.U972 

-534.3781 

-5?0.11S6 

222569.360 

21 

2.0A87 

0.3A31 

.0624 

370.3424 

690«Ono 

21 

.5420 

7.3826 

• OiSb 

33Q.2190 

64U.OOO 

22 

79.7f>3b 

?».74B1 

2A.5380 

-51.4776 

-.0491 

22 

79.6L83 

?8,7ftB5 

28.6285 

-51.5984 

-.0419 

23 

2.0ft6e 

2.0B11 

• 1788 

-89.3670 

6493.474 

23 

4,7959 

4,7926 

.1778 

-25.5751 

6576,447 

24 

0O00404.9000 

.OOoO 

• OOOO 

,Don 

.0080 

24 

6600404.9000 

.UOQQ, 

.OOOO 

,OQO 

.OOOO 


.OttOu 

.ODOO 

lao.ftfino 

,006 

.oono 

25 

«QaOQ 

.0080 

lb9.800Q 

.000 

.oono 

26 

2db.3|>Uu 

• UOUO 

77dA.6649 

,000 

.0080 

26 

266.3000 

.OOQO 

7788,6699 

.000 

,oooo 

2? 

U1.20lb 


.uooo 

,0000 

27 

112,4200 


39?, 6691 

• 0000 

.oooo 


-b9»3l0u 

.uouo 

425.4306 



28 

-b9,3iaO 

• OOoO 



29 

.OftOg 

• UOUO 

-.8456 



29 

.OoUO 

.UOUO 

-.8877 



29 

3l 

d2 

•OoQu 

•oooo 

-.2164 



3g 

31 

32 

33 

34 

.OoUti 

.0000 

— 2395 



23 

24 

227249.2600 

427. ibS 

-531.9942 

• oooo 

.ono 

227^25*3408 

426.239 

-S3l*n95i 

<0000 

<Ono 

25 

.Opau 

Ie9d4o.o{iu0 

30971. 89So 

-449,944 

-82.112 

35 

.OflOg 

106 u 22 .ft 8 u 6 

34264. 2Sl0 

-4S2.075 

-62.3A3 


1 

16O«000o 

,'99402.140 

227218.320 

253787.480 

289204.260 

1 

166.0qUu 

4187213.390 

227284,600 

272179,159 

323536.940 

2 

7b97,3?48 

6526.2391 

21163^84. Oq 

20906898.00 

,79?S 

2 

7770,1476 

6567.3854 

21161747.00 

20909569.00 

,8B66 

3 

251769, 16U 

6448813.500 

247647.170 

251.280 

385921.680 

3 

2b965g,05Q 

6454092.800 

264987,810 

580,333 

424241,4P0 

4 

-28,736 

37441.027 

66908,110 

-3,226 

71.9945 

4 

13.623 

38142.244 

69211.969 

-8.048 

72,0025 

5 

292483,960 

146611.570 

505743,500 

419,438 

40,7215 

5 

327516.SbO 

161711.890 

5487?3«540 

969.078 

39,4646 

6 

3033.4204 

897.U400 

294'1,0447 

43.1644 

24.411^ 

6 

2927. 7u92 

662.9A4S 

283] .3140 

66,6424 

25,4547 

7 

6,5653 

117.3491 

3d4,O037 

—6220 

-.06?3 

7 

7,5sab 

116, /H99 

38P.9065 

-.9988 

-.0811 

6 

b778,4iag 

2164. 72u4 

710P.1011 

72.2413 

-,03?3 

8 

59(il«O062 

2202.4249 

7228.8037 

111*3451 

-.0327 

9 

2271D4.020 

227217.490 

-43.473 

-10.798 

-5.764 

9 

227231.290 

227253,310 

-?2.0U 

-7,138 

•3,3'f6 

10 

-579.465 

-576,274 

-3,219 

-10.638 

1803.584 

10 

-724,16ft 

-722,497 

-1,778 

-306.429 

1140,239 

11 

-309.706 

-218,708 

-82.002 

-82?. 426 

-67*D41 

11 

-<(91,669 

-245,669 

•46.035 

735,033 

-42.433 

12 

-59,1978 

.0004 

.nOOQ 

9B821.S4A 

-.1122 

12 

-59,1408 

• UObO 

.0000 

98066.453 

-.1192 

13 

-.2935 

-,U055 

.0000 

8184019,300 

.2965 

13 

-.3403 

-.0151 

• OQOO 

5786454.300 

*35n3 

14 

-,Oi]Ql) 

,O0u0 

• oooo 

8186188,900 

.OOAQ 

14 

-.OoQO 

-.UOUO 

.oooq 

5789019.600 

,0000 

15 

-59.310U 

,8000 

.OQQu 

-.UOOO 

-.0004 

15 

-59.3100 

• OOOO 

.OOOO 

-•OQOO 

-.0080 

16 

.Oijog 

.UfloO 

.nong 

.0004 

.003S 

16 

■ OgOti 

• Oooo 

• oqoq 

.OOSfl 

»Ol«;l 

17 

.OqOo 

-,00QO 

.oooq 

-.0036 

-.OOOO 

17 

.OqQO 

-.uouo 

•noOl) 

-.0151 

-.OQOO 

18 

28.4486 

23.6543 

23*8149 

♦ 1456 

.0046 

18 

27.2t30 

22.6600 

2P.A20b 

,1822 

,0039 

19 

72.4773 

75.7993 

78,7307 

-.055? 

-.0004 

19 

72.53SU 

75,7927 

78.7274 

-.0619 

-.0012 

60 

426,3266 

429.1890 

-532,6655 

-513.7166 

220369.780 

20 

425.0579 

427.9188 

-534.6408 

-520.9844 

222ft51.4fl0 

iil 

1.2376 

7.0816 

,0383 

353,4218 

690.000 

21 

.5g97 

/.4493 

,0131 

325,4066 

690, ono 

22 

79.7033 

26.7649 

28,6048 

-31.444A 

-.042(] 

22 

79,61111 

28.7933 

28.6332 

-31,3898 

-.0419 

23 

3.6833 

3,6804 

,1447 

-53,4734 

6S?6.239 

23 

5.021b 

b.0l79 

.1943 

-22,0181 

65S7.3A5 

24 

6o004U4.9o00 

.0000 

' *0000 

.000 

.0000 

24 

6DOU4U4«9i)00 

.UOOO 

• OoOo 

.00(1 

,0000 

25 

.flOOO 

• oogO 

lb6,8000 

.000 

.OOOQ 

25 

.OqOo 

• UOOO 

159,8000 

.000 

, 00 no 

26 

2b6,3QQll 

•oooo 

77811,6699 

.000 

,0000 

26 

286,3300 

.UOOO 

77ftn,6699 

,000 

• oono 

27 

111,7300 



.OOOO 

.oono 

27 

112,5523 



,oooo 

,QOOO 

28 

-59«3l0tJ 

,0000 

428,6250 



28 

-59.3I0D 

.0000 

39?.859S 



29 

*OoOO 

• oooo 

-.8506 



29 

,oqoo 

,UOOQ 

-.8892 



30 

31 

32 
^3 
34 

• OoOO 

,0000 

-•2179 



30 

31 

32 

33 

34 

• OqOo 

,0000 

-*?399 



227222,0209 

426*760 

-53p,4103 

• DOOO 

.000 

327227,6400 

426.131 

-533.2358 

*0O0Q 

«O0O 

35 

•OoOu 

108279.9900 

38676»480u 

-450.776 

-S2.1A9 

35 

.odoo 

185570,6800 

3dl8?,9370 

-452.317 

-02,3P5 



IMHCH SYSTEH (LES) OEUISOK 








1 

163»ll0u 

4'd6?67.320 

227231. 8So 

263391. 2S0 

306926.130 

1 

167,0000 

286678,730' 

227252,980 

275189. 9Sn 

329340*840 

2 

7733,4263 

6556. 1^83 

21172674,00 

20609583,00 

.6410 

2 

7783,0666 

6598,4645 

21184753,00 

20909564,00 

,9025 

3 

261110.570 

6451575.400 

256708.730 

4U4.331 

40574U.660 

3 

272569,190 

6454953.060 

2&77A9.9S0 

646.968 

430669,120 

4 

-7,541 

378uS.4u6 

68103, 83o 

-5,448 

71,9987 

4 

21,274 

• 38259,893 

69844,678 

-9,083 

72,0038 

5 

310551.760 

155373. 6b0 

S279?8.a50 

675,043 

40.05^4 

5 

333429.950 

163917.800 

555989,830 

1083.752 

39*2648 

6 

2977,8640 

879.1636 

2884,3958 

65.1718 

25.3l4fl 

6 

2910.4^03 

857,4077 

2813.0174 

70,6283 

25.SQ24 

7 

7.0973 

117.0301 

383.6571 

-.8061 

-,06A{] 

7 

7.7C23 

116.5923 

38P.5207 

-1,0719 

-•0816 

8 

Se<t0.63&3 

2183,9236 

71o8,lQ44 

62.1577 

-•02«4 

ft 

b9£l,8A9ft 

2206.6443 

72>*f..A64ft 

116.0093 

-,M]9 

9 

227197.069 

.427230.940 

-43.876 

-7.978 

-4.367 

9 

227232.980 

227231.660 

-16.67b 

-6. 553 

-2.905 

lO 

-619,292 

-608,116 

-2.20U 

-117,061 

1355.134 

10 

-727,034 

-725,501 

-1.584 

-383,594 

1009.517 

11 

-268.465 

-206,734 

-61,711 

302,42? 

-45,917 

11 

-284.502 

-243.742 

-40.769 

790,900 

-37,849 

12 

-59.2n07 

-,0025 

• OOOo 

96818,11? 

-,1062 

12 

-59.1&76 

,U013 

• OOOU 

98065.341 

-, 12P4 

13 

-.3084 

-.0030 

• OOQo 

8179661,400 

.3084 

13 

-.3615 

-.0072 

,noQo 

5785462,500 

•3615 

14 

,OqOU 

-.Oooo 

.0000 

8181.’29,40r> 

,8000 

14 

-•OqOO 

-.0000 

.AQflO 

5788027,300 

.00(10 

15 
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PREDICTED S-IVB-205 STAGE POWERED FLIGHT TRAJECTORY 
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11 
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12 
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16 

3.8435 
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-,0049 

16 

3.9682 
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.oooo 

-.1168 

-,00?8 

17 

.OoOO 
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.OOOo 
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-,0000 

17 

• OqOO 
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.nooo 

,0024 

-.0060 

18 
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11.8S47 
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• 0092 

18 
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9.3165 
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22 
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23 
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-.0046 
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23 
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25 
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,0QO 
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25 
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26 
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-4S5.2S4 

“82.311 

3S 

.oooo 

129379*7900 

2797n.A740 
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PREDICTED S-IVB-205 STAGE POWERED PLIGHT TRAJECTORY 
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-.0402 
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23 
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26 
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26 
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27 
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35 
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35 

,0(]QD 
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-451.042 

-82.068 


1 
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1 

34l]«QilOU 

1941)86,310 

2267<u,Mu 

676734,464 
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2 
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2 
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3 
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3 

559674.^30 
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4 
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77,8030 

4 
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5 
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548S37.270 
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5 
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6 
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34,7642 

6 
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7 

399,2855 
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7 
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192.0052 
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6 

9314. 047S 
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6 
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9 
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9 
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— .Ong 
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-327.799 

,499 

10 
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11 
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-247.695 

-,0l9 
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.0*7 

11 
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12 
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-.1185 
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97901.800 
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12 
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13 
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13 
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I 4 
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19 
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19 
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-.0575 
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20 
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20 
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21 
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690. OOO 

21 

,Uo 06 
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-.0402 

22 
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-.0400 

23 
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7.0177 

.0000 

2772.5123 

69U.OO0 

22 

66.0620 

30.9690 

30,8054 

-30.036?- 

-.6401 

22 

66.3368 

31.1637 

50*9994 

-3Q.Q274 

-.0402 

23 

a,4i24 

8.3S78 

-.9713 

-.0024 

1799(1.101 

23 

6.2i67 

6.1618 

-.8314 

-•□028 

19662.7;>4 

29 

6600406,9000 

1892. 1590 

,nl3*> 

-.038 

266.0902 

24 

6d004Q4.9oOU 

1589.5369 

,013b 

-.sen 

236,1747 

25 

-•006v 

251,71^27 

99.0831 

,000 

-1.6867 

^5 

-«Oll& 

139.0716 

04,8640 

• OQO 

-1,6888 

26 

•OoQO 

96.5Q11 

7780.6669 

253,375 

.1373 

^6 

.OoOO 

66.5778 

7780.6699 

253,375 

.0998 

27 

132,4536 



.0000 

,oono 

A7 

133.5i37 



.OOOO 

*00(10 

2a 

-96,4l66 

.0000 

573,8461 



28 

-98.5973 

• OOOO 

618.79SB 



29 

4,1506 

• oogo 

0,2813 


-17,3589 

29 

4,loU 

.0000 

-2.5690 


-0*8888 

30 

*Q0OD 

.OOOO 

—6759 


93.8368 

30 

• OoOO 

.UOOO 

-.7664 


9T.31R5 

31 

1437.5519 

47922.8170 

.4251 

52.2737 

179.3576 

31 

1831,3375 

40881,5130 

• 3211 

58*i>728 

179,7lft6 

32 

3bb3,6a67 

19332*3720 

31.6064 

186831840.0 

•162,1279 

32 

35b3.9<SOO 

21006,8370 

51.60SU 

220581080,0 

-157,58^9 

33 

873,9643 

1704.9559 

20497.7040 

47.8085 

31,5680 

33 

949.0447 

2u3b.9iu8 

2208^.5030 

41,4826 

31.0DI3 

39 

226684,0000 

424.000 

-534.6314 

175149.4000 

431.054 

34 

226684.0000 

424»{|oO 

-534.6314 

175110.460(1 

431*043 

35 

-4116,3284 

33139.6940 

9513,0361 

-331.018 

- 75.272 

35 

-406,2414 

23210.8750 

7255,717? 

-330.897 

-75.2(3 


L 

530.OQOQ 

102050.261' 

175107, 67g 

746014,990 

4239445.300 

1 

560.0000 

89806.038 

l75un7«82o 

746203,030 

4800536*500 

2 

19867 J7480 

16523.7660 

21653^19.00 

20907206,00 

11,8174 

2 

21618,1570 

.>0271.7450 

21655200.00 

20907000,00 

13,1530 

3 

303095,710 

6418108.700 

147186,580 

291635.400 

4370715.600 

3 

180770*020 

6371958.UUD 

-4502,002 

326087, 56n 

4931613*000 

4 

179208.030 

113305.905 

315bPB«640 

36854.794 

74,3595 

4 

218496,200 

123644.301 

349727,260 

44658.292 

74*5410 

5 

4356507.400 

1534082.100 

5051240,700 

660163.450 

3.9785 

5 

4V23451.Q00 

1717546,100 

5653166. 5O0 

793159,570 

2.1007 

6 

-36UO.0?29 

-1375,9848 

-4514*3860 

1179*5520 

55.2085 

6 

-4577,4938 

-171 2,3] 44 

-5617.8295 

1109.3267 

62.65C8 

7 

1225. 2b33 

331.8798 

1008.8446 

24S.1434 

-,2644 

7 

1397,4209 

357.6054 

1173.9024 

275*6177 

-.3131 

B 

18129,2160 

5687.9451 

19317.4060 

4172.6100 

-.0706 

e 

19698. 6bS0 

635^.1324 

20640.3300 

4704.1769 

-*0935 

9 

17SlOb.o20 

175105.420 

-.003 

.331 

— 0o2 

9 

176005.440 

176003.440 

-.003 

,381 

-*002 

10 

-851,343 

-851.363 

•001 

16.643 

•089 

10 

-874,478 

-B74.503 

.001 

15,038 

*030 

u 

-258,382 

-261.132 

-,00o 

s.aal 

*009 

11 

-^Ol.lSS 

-249.780 

-,007 

,040 

*005 

12 

-95,4766 

-.1^90 

*0000 

97621.099 

-.33ns 

12 

-99.6585 

-.1392 

.0000 

97977.289 

-.3364 

13 

3,5601 

-.0021 

• noOi) 

4254339,80(1 

,5683 

13 

3,Sol3 

-.0024 

*0000 

3647612,100 

*5818 

14 

.OoOO 

.onoo 

.0000 

4256271.300 

.0000 

14 

«OnOU 

•oooo 

*0000 

3849517,500 

•OOOO 

15 

-95.8077 

-.1393 

• 0000 

-.0087 

.1387 

15 

-99.9937 

-.1396 

•oooo 

-.0069 

.1389 

lb 

4.1-143 

-*0ni6 

.0000 

-.1387 

*0021 

16 

4.0431 

-.0019 

*0000 

-.1369 

,00?4 

17 

,OoO0 

-.0000 

.naoo 

-•ooei 

-*00no 

17 

*01)00 

-,0OOO 

*0000 

-*0024 

-.0000 

18 

.3692’ 

.3629 

.3425 

• 2786 

.0003 

18 

,0a0o 

.0750 

.0574 

.2863 

,0003 

19 

b2,343a 

8i(.a645 

69.063b 

-.0822 

-,00ni 

19 

83*4403 

84.6499 

B^*849b 

-.0851 

-,0003 

20 

431,0406 

425.4823 

-406.2388 

-509.2269 

2l6524.6n0 

20 

43l*0lT7 

425.6874 

-4U6.0285 

-501.6948 

213494*630 

2l- 

,0,l01 

7.1627 

.0000 

2787,6426 

690.000 

21 

,Oq01 

7.8520 

• noOg 

2773.6448 

690.000 

22 

b7,bn47 

31.0350 

30,8712 

-30.0322* 

-,04ni 

22 

65,7p46 

31,2259 

3) .0615 

-30.0263 

-.0403 

23 

7,690b 

7.6363 

-.9232 

-.0025 

18523.787 

23 

5.4669 

5,4128 

-.7856 

-.0030 

20271*745 

24 

6000404,9000 

1723.8941 

.0136 

-.258 

255*6222 

24 

6680404.9000 

1190.5323 

,nl39 

-.717 

228.7104 

25 

-.0101 

209.7411 

84.5188 

,00(1 

-l,6B87 

25 

-,0lS7 

lnS.5223 

54.2612 

,000 

-1.6669 

26 

• OqOO 

86.0267 

7704.6699 

?S3,374 

• 12tl 

26 

,0000 

55.7769 

77BI1.6699 

253,378 

,0880 

27 

132«8li0 



• OOOO 

*0000 

27 

133.8508 



*0000 

,00O0 

26 

-95.6o77 

• 0000 

587.4306 



28 

-99,9937 

• 0000 

638,7876 



29 

4.1343 

• 0000 



-11*5649 

29 

4,0831 

• 0000 

•2*6823 


-8,9630 

30 

.OqOO 

.0000 

-.7037 


94*8450 

iO 

»oooo 

• UOOO 

>•8020 


9n»90n9 

31 

1553,4647 

4557e,06i0 

.3928 

94.1038 

179.4702 

31 

1999*6301 

36S?7.g040 

.2812 

61,3353 

179.8536 

52 

3563,7670 

19860,0440 

31.6058 

197295SSQ.0 

-160.8724 

32 

3563*9993 

21610. 0980 

31*6047 

233563450.0 

-155.3133 

53 

895,5207 

1799,7090 

21003,2270 

46.0449 

3l*44i3 

33 

984,1463 

219U.2428 

22668,5230 

38.5279 

30.6101 

34 

2266B4.OO0D 

424.000 

-S44.6314 

175137*3800 

431*050 

34 

226684*0000 

424.000 

-53(1.6314 

l7So95*1000 

431*039 

35 

-4u6,3q39 

29829,6000 

87eo*4o47 

-330*989 

-75.254 

35 

-406,2164 

19902.2030 

6503. 7oBo 

-330,839 

-75.1*9 

1 

S40.000U 

97908.188 

175078,650 

747078.970 

4420902*400 

1 

57Q*OnOO 

858o6.2e4 

174959,790 

746376,860 

4999243.280 

2 

20424,8600 

1908U.70BO 

21654912,00 

20907136,00 

12.1147 

2 

22254,4490 

20909.9750 

21655308,00 

20906935.00 

13*6906 

3 

265551,720 

6403877.100 

100216,484 

303344,000 

4552095.400 

3 

133219*420 

6354225. POD 

-62681.834 

337012,130 

5130273.860 

4 

191734,430 

116666*165 

326333,110 

39355,008 

74.4141 

4 

232779.600 

1Z72q8«Si3 

361617.710 

47468,653 

74.6015 

5 

4540804,700 

1593700. 50O 

5246^48, SOU 

702735, B9A 

3,3443 

5 

6123266.400 

1781899.400 

68643n0,606 

641153,890 

1.4840 

6 

-3911, Oa72 

-1483.0916 

-48b8,7862 

1161.3639 

57.4856 

6 

-4935.5726 

-1835.3319 

-602] .4267 

1074.5541 

65*6022 

7 

12bO»3?Q4 

34U.221B 

1116,2132 

294.9547 

-.2821 

7 

1459,7127 

367.0986 

1204.3916 

286.5231 

-,33«7 

B 

18631,6260 

6036.6800 

19805.SB10 

4342.9705 

-.0859 

8 

20266. 6S3U 

6519.6154 

21390.4750 

4096.0321 

-•09AB 

9 

175076.35U 

175076.350 

-.003 

.323 

-.002 

9 

174957.360 

174957.360 

-.003 

,537 

-.082 

10 

-859, ll7 

-859.138 

.001 

II.6O) 

,0r6 

10 

-B82.nS5 

-862*083 

.001 

40,431 

♦ 0|7 

11 

-255,424 

-254,134 

r*008 

2.201 

.008 

11 

-263.496 

-2b2.068 

-.006 

-.321 

• Ops 

12 

-96.6665 

-.1393 

.0000 

97606,980 

-.3326 

12 

-101.0505 

-.1597 

• 0000 

97861.580 

-.3381 

13 

3,5467 

-.0O21 

*0000 

4131596,400 

*5716 

13 

3.47S9 

-.0027 

.0000 

3683157,000 

.5867 

l4 

,Oq0O 

• 0OD0 

.(IQOO 

4133519.500 

,0000 

14 

.0000 

.onoo 

• OOOg 

3685052.500 

,00(10 

15 

•97.2i>la 

-.1395 

.noQo 

-.0086 

.1360 

IS 

-101,3893 

-.1393 

•oooo 

-*0085 

.1364 

16 

4,1182 

-.0016 

.0000 

-.1390 

*0021 

16 

4.0626 

-.0022 

,0000 

-.1394 

.0027 

17 

.0000 

-.□000 

.0000 

-*0021 

-»oooo 

17 

*0000 

-.0000 

*oooo 

-*0027 

>.0080 

18 

,2639 

*2466 

•2271 

.2812 

.0003 

18 

,0209 

.0196 

•ao3o 

•2880 

•0003 

19 

82,7004 

83.1831 

84,1624 

-.0832 

-,0001 

19 

83,8247 

B4.1991 

64.1991 

-•0888 

•0003 

20 

431,0336 

425.6244 

-406,1780 

-506*5893 

215463.7‘»0 

20 

431.0ri96 

426.0093 

-405.9246 

-499*4190 

212579.120 

21 

,0n01 

7.3948 

,0000 

2770.S613 

690,000 

2l 

■ OnOI 

8.0985 

• OOOO 

2774.1217 

690. OPO 

22 

66,9298 

31.1000 

30,9359 

-30*0294 

-.04112 

22 

65.0924 

31.2865 

81.1219 

-30*0258 

-,04f»3 

23 

6,9579 

6,9035 

—8770 

-*0027 

19080*706 

23 

4.7l68 

4,6591 

-*7389 

-•0032 

20909.975 

24 

6o00404,90Q0 

1573,2694 

.0137 

. -.417 

246.6486 

24 

6bo04u4.9o(IO 

1023*1330 

*0139 

-.81? 

216.7437 

25 

-.0115 

175.8662 

75.4538 

,00(1 

-1,6887 

25 

-.0175 

79,6nS3 

4S. 160$ 

*00(1 

-1,6870 

26 

.OOOU 

76.9653 

7780,6699 

953,37*1 

.1113 

26 

,OQO0 

46.67SD 

7764.6699 

PS3.375 

*□776 

27 

133.1642 



*DOQ0 

.OOno 

27 

134.2028 



*0000 

*DOno 

28 

-97.2flie 

.0000 

609,3905 



28 

-101.3893 

■0000 

658*6277 



29 

4.1182 

.0000 

-2.4651 


-10.745S 

29 

4. 0526 

• DDOO 

-2.8O63 


' -7,9737 

50 

,QODO 

.0000 

-,7337 


95,9809 

30 

.OoOO 

• Oooo 

-.8411 


100.65*1 

31 

1683.7928 

43229.9010 

.3583 

46 .1854 

179*5929 

91 

219S.25Q7 

36163.2790 

*2381 

64*5651 

180,0000 

32 

3563. 8a23 

20424.4110 

31*6054 

208520290*11 

-159*3809 

32 

3S64»0l25 

22254,4490 

31*6045 

247565930*0 

-152.3383 

33 

920.1425 

190b, 4194 

21532*0640 

43.9406 

31.2609 

33 

1028.6670 

2385,4477 

23274,3270 

34*8283 

30*0312 

3u 

226654.0000 

424.000 

-534,6314 

175124*2700 

431*046 

34 

226684,0000 

424.000 

-534.6314 

175077*9000 

431*035 

35 

-406,2770 

26520 ,<1760 

8007.9624 

-330.943 

-75*255 

35 

*406.1001 

16594.2090 

5751.9S26 

-330,763 

-75*161 
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PREDICTED S-IVB-205 

STAGE 

POWERED FLIGHT TRAJECTORY 


1 

s60«onou 

61747*740 

174092, 83u 

748577,4911 

6204258*300 

1 

6u0*0r)0u 

73836.64? 

l74c74*05y 

748104,568 

5634555.480 

2 

22929.461U 

21679.9^20 

216S!»»46.00 

20906672.00 

14*26]4 

Z 

24372,0590 

230?7*4lb0 

21664 ''65, 00 

20906752.08 

lS*44n6 

3 

6199o«l4u 

b33S230*AuO 

•124909.426 

347556.726 

6335253*400 

3 

-32319,170 

6293174*140 

•262980,ftO(i 

367211,078 

6765484. OflQ 

4 

247b99«S90 

13(1907*477 

373819*050 

50390,141 

74,6613 

4 

279569*760 

136743.220 

399196,790 

56582, 09® 

74,7703 

5 

a320SS7*70g 

Ib479b6*7u0 

bOeiOS5.76o 

891107,660 

,8606 

5 

6758669.700 

1966562*800 

6632453*500 

997?42«S28 

•*3212 


-5312»349b 

•1964,0461 

.6446.6961 

1033*2314 

68.8378 

6 

“6142,5333 

“2246,3821* 

-7377,?3ftl 

924.4702 

78.31®0 

7 

lS29t769& 

37u.?610 

1236*0924 

297*8479 

“.35ni} 

7 

1662*3406 

39b,?6l3 

1301.7104 

321,3303 

-,39P1 

g 

20660* 1790 

6694*6466 

21Vo4*A62u 

5096*1760 

-,104ft 

8 

22130.646o 

708O,9fl3n 

?319P*P0?U 

5523*1813 

-.l6no 

Q 

174690*360 

174690*360 

“.003 

.609 

-,Oni 

9 

174671.^40 

1746/1,34(1 

-.004 

“26, 172 

•*0oi 

lO 

•6&9*297 

•669*331 

.001 

49,228 

• Ong 

10 

•697*511 

“B97.478 

.081 

“492A.019 

-♦Onft 



•2a4*6o2 

•,00b 

•3,891 

•Ong 

11 

•3be.|89 

•3b7,lbl 

•*002 

-277,535 

•*Onl 


"lU2(4u3U 

“*l3A5 

■ OOOU 

97545,18? 

“*5406 

12 

•146*1749 

.0844 

‘ .OOOo 

97509.(168 

-.1544 

13 

3.4471 

•*un3l 

• nooo 

3500404.708 

*5912 

13 

3,2P39 

.U03Q 

.noOo 

3057524,61)8 

*6002 

14 

*OoOO 

••Ooqo 

«nooo 

3602740,300 

.0000 

14 

«0()0u 

.9006 

,0000 

3059187,800 

*OI)nQ 

IS 

-102*7a43 

•,i4i)6 

*noOii 

-.0085 

.I3n2 

IS 

“106,3296 

,U4u5 

,nooo 

*0047 

-.0843 

IS 

4*0363 

•*0027 

.0000 

-*l3d? 

.0051 

16 

3*8330 

*U0 q2 

.onou 

*0845 

• *00^0 

17 

*0i|0o 

•«UQuQ 

*0000 

•*0031 

-*Qono 

17 

*oouu 

,U040 

,01)00 

• 003CI 

-.oono 

IS 


-*•1166 

.,1131^ 

.2914 

.onnz 

IB 

-,049b 

-,95t>3 

-,n69ct 

,294b 

,0lA2 

19 

64I2I94 

64*0595 

84,5596 

— 0867 

-.oou 

19 

66,0377 

P:>*3|21 

65.5i?3 

-.1204 

-.0644 

2o 

431*01)29 

42o*l2b2 

-404,7754 

•447. 2460 

211704,650 

20 

430*9'j23 

4?0*3414 

“4oS*P77l 

-403,1761 

210086. 2oo 

21 

,onoi 

O.JSBfl 

• OOOo 

2774,1235 

6«au*Ono 

21 

*0u01 

0.9198 

.OOOo 

2773.3747 

69u.onr) 

22 

64*4392 

31.3462 

31 .1804 

-10.02S4 

-.0403 

22 

bd.ObSb 

31,4559 

31.?90ti 

-30.0268 

-,0404 

23 

3*9ft27 

3*9025 

-.6699 

“•0034 

21579.973 

23 

1*5304 

1*4671 

— 4357 

-.0039 

23027*416 

29 

bbD0404«9000 

816,7679 

*0140 

-,89« 

?06,3(1'S1 

24 

6b004U4*900u 

356.1093 

*0142 

“,4S« 

185.8485 

2S 

>,Ql96 

53*0327 

30*5291 

,000 

•1, eft'll 


-.0l9i 

17*6696 

15,7064 

,008 

“1,8875 

26 

• 0||00 

3b.04d9 

77tth*6699 

253.375 

.0653 

26 

,0nU0 

14*9765 

77bP.8699 

P65.375 

,0SO3 

27 

134*5431 



• OOOO 

,OOnQ 

27 

135.216^ 



• 0000 

.0000 

26 

“102,7p43 

•oouo 

676.659s 



26 

•106.3P96 

• OOtpO 

730,9036 



29 

4*0363 

.OQUO 

•P.9427 


-ft.ftft?! 

89 

3*833u 

.iiOtiO 

-5,?60tt 


•4, 86-7 

3q 

*OoOU 

«oouo 

-*A84l> 


103*41-^3 

30 

.OhDo 

.0000 

—9841 


112.7217 

3l 

2416*2364 

3370b *0670 

*1915 

68*3804 

-179,8613 

31 

2998. 144U 

28971,3700 

,0862 

78*5667 

-179,26nl 

32 

3S64*004b 

229?4*hii30 

31*6043 

262702030.0 

-148.15^3 

32 

3S63.96S4 

24371,(^300 

31*6047 

298956390*8 

•128,7142 

33 

1090*5466 

2051*1624 

23914*2890 

?9.67b6 

29,05n4 

33 

1365*1790 

3798. 04b5 

25296*935u 

9*B105 

22,71i0 

34 

226664 * OqOO 

4^4«6oO 

-634.6314 

175057.6909 

431.0^1 

34 

<26ob4,000U 

424*000 

•634.6514 

175082*5508 
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PREDICTED S-IVB-205 STA0S ORBITAL TRAJECTORY 
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TABLE AP 3-4 (Sheet 1 of 11) 
SYMBOL DEFINITION FOR S-IB/S-IVB 
STAGE TRAJECTORY AND RADAR PARAMETERS 
COMPUTER PROGRAMS AB77, AC77, AND AB79 


PRINTOUT 

SYMBOL 

COMMON 

SYMBOL 

DEFINITION 

A* 

A* 

Azimuth angle measured in the plane 
tangent to the earth's surface at radar 
station; positive clockwise from north 
to the perpendicular projection of the 
vector drawn between the vehicle and the 
radar in the tangent plane (deg) 

A SB XM 
A SB YM 
A SB ZM 

a , a , a 
xm’ ym zm 

Vehicle accelerations in the vehicle 

2 

coordinate system (ft /sec ) 

CHORD FORCE 

C 

Aerodynamic chord force (Ibf) 

D* 

D* 

Slant range distance between the vehicle 
and’ radar station (ft) 

ECCENTRICITY 

e 

Eccentricity of a conic section 
(dimensionless) ■ 

E* 

E* 

Elevation angle measured positively up 
from a plane tangent to the earth's sur- 
face at the radar site. Angle between 
the plane and the vector drawn between 
the missile and radar station (ft) 

E/M 

E/m 

2 2 

Total energy (ft /sec ) 

F SB AX 

^A ’ ^A * ^A 

Aerodynamic forces in the vehicle 

F SB AY 
F SB AZ 

X y z 

coordinate system (lb) 

AVG F SB L 


Average longitudinal thrust (Ibf) 

F SB T 

^T 

Total effective engine thrust (Ibf) 
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TABLE AP 3-4 (Sheet 2 of 11) . ' 
SYMBOL DEFINITION FOR S-IB/S-IVB 
STAGE; TRAJECTORY AND RADAR- PARAMETERS 
COMPUTER PROGRAMS AB77,' AC77‘, 'AND AB79 


PRINTOUT 

SYMBOL 

COMMON 

SYMBOL 

■DEFINITION 

F SB TX , 

^T ’ ^T. * ^T • ■ 

Propulsive forces In the vehicle system 

F SB' TY 

X y z 

(Ibf) 

F SB TZ 


t 

F SB X 

F , F , P 

Total forces in the vehicle coordinate 

F SB Y 

X- y z 

system (Ibf) 

F SB Z 
G (RHO) 

®P- ‘ 

' i . 

Component of gravity due to the attractive 


force of the- earth measured along r 

2 ^ 
positive down (ft/sec ) 

G (PSI) 


Component of gravity due to attractive 

altitude 

h 

force of the earth measured along the 
perpendicular to.r^ positive down 
(ft/sec^) 

Vehicle altitude. ' Distance between the 

INCLINATION 

i 

spheroid's surface and vehicle measured 
along the normal to the earth's surface 
positive up (ft) 

Equatorial orbital inclination (deg) 

I SB SP . 

I ' ' 

'Sp 

Specific it^ulse (sec) 

AVG I SB’SP ■ ■ - 

I - : 
sp 

Average specific 'impulse (sec) 

I SB XX 

I ,■ I ,1. 
xx’ yy ZZ 

Principal vehicle moments of inertia 

I SB. YY 

. 

(slug-ft ) 

I SB ZZ 



MACH. NO. 

M 

Vehicle mach number 


; September- 1968 f- 


AP3-35 



TABLE AP 3-4 (Sheet 3 of 11) 
SYMBOL DEFINITION FOR S-IB/S-IVB 
STAGE TRAJECTORY AND RADAR PARAMETERS 
COMPUTER- PROGRAMS AB77, AC77, AND AB79 


PRINTOUT 

SYMBOL 

COMMON 

SYMBOL 

DEFINITION 

M SB X 
M SB Y 
M SB Z 

M , M , M 
x’ y z 

Total moments about the axis of the 
vehicle coordinate system (ft-lbf) 

M SB AX 

M. , M, , M, 
A ’ A A 

Aerodynamic moments in the vehicle 

M SB AY 
M SB AZ 

X y z 

coordinate system (ft-lbf) 

NORMAL FORCE 

N 

Aerodynamic normal force (Ibf) 

PERIOD 

P 

Period of elliptical orbit (min) 

P SB M 

'^M 

Total vehicle roll rate; positive roll 
clockwise looking forward along the X 

m 

axis (deg/sec) 

PRESSURE 

P 

a 

Atmospheric pressure at the vehicle 
(Ib/ft^) 

Q 

q 

2 

Vehicle dynamic pressure (Ibf/ft ) 

Q SB M 

Qfi 

Total vehicle pitch rate, -positive nose 
up (deg/sec) 

R (AP) 

r 

a 

Radius of apogee (nautical miles) 

R (PER) 

’^PER 

Radius of perigee (nautical miles) 

R SB C 

r 

c 

Instantaneous distance between the 
center of the earth and the vehicle (ft) 

R SB L 

^L 

Earth radius at the launcher (ft) 

R SB M 


Total vehicle yaw rate; positive yaw-nose 
Right (deg/sec) 

S (BAR*) 

s* 

Product of the average earth radius and 


the central angle traversed during glide 
(nautical miles) 
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TABLE AP 3-4 . (Sheet 4 of 11), ' . 
SYMBOL DEFINIT-ION FOR S-IB/S-IVB* ‘ 
STAGE TRAJECTORY. AND- RADAR PARAMETERS. 
COMPUTER PROGRAMS AB 7.7.,. AC 7 7,- AND AB79- 


PRINTOUT 

COMMON 

pEFINITION 

SYMBOL 

SYMBOL 

S SB F ■ ! 

■ ®‘f 

Downrange distance at- terminal altitude ' 


• 

(nautical miles) . 

RANGE • . 

’ .-8 

Spherical earth ground range (ft) . 
Based on the spherical earth range' 

■ 

. ' ■ 

angle and the average earth radius 

SAF 

SAF 

■ .'Space attenuation factor measured froja 
. radar station 1 

TIME ■ i ■ 

t/ ■ 

Current simulation time, measured from 
vehicle liftoff .(sec) 

T SB F 

'■ • 

Time since launch at the terminal 



altitude (sec) 

T (1) 


First stage time to go (sec)- 

T (3) . 

^3 ■ 

Second stage time to go (sec) 

DELTA-T (3) 

■ AT 3 

Correction to (sec) 

D-T (CO) ■ 

' At " 

CO 

■ Time-to-go until "engine cutoff ‘command' 


(sec) ri- ■ ■ 

» 

TEMPERATURE 

I 

• 4 

1 . 

. ■ 
« ■ ' * * ‘j 

■ The tempera|ure specified at a certain 
altitude .(deg R) 

V (AP) 


..Apogee velocity of the glide phase orbit 



(ft/sec) 

V SB E r 

’ \ ■ 

Magnitude of the vehicle's earth fixed ; 
velocity (ft /sec) 

V (F) ■ 

■ 

Magnitude of inertial velocity at 


teminal altitude (ft/sec) 
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TABLE AP 3-4 (Sheet 5 of 11) 
SYMBOL DEFINITION FOR S-IB/S-IVB 
STAGE TRAJECTORY AND RADAR PARAMETERS 
COMPUTER PROGRAMS AB77, AC77, AND AB79 


PRINTOUT 

SYMBOL 

V SB I 


V (PER) 


V SB RM 


V SB W 

WEIGHT 
WEIGHT FLOW 

AVG 

X. Y, Z 

D-X, D-Y, D-2 

DD-X, DD-Y, DD-Z 


X SB CG 
Y SB CG 
Z SB CG 


COMMON 

SYMBOL 


DEFINITION 


Magnitude of the vehicle's inertial 
velocity (ft/sec) 


V 

per 


Pepigee velocity of the glide phase 
orbit (ft/sec) 


V Magnitude of the vehicle's velocity 

RM 

relative to the earth's atmosphere 
(ft/sec) 


W 


Wind velocity relative to the earth 
(ft/sec) 


W 

W 

a 

X, Y, Z 


^CG’ ^CG’ ^CG 


Total vehicle weight (Ibm) 

Time rate of change of total vehicle 
weight (Ibm/sec) 

Average time rate of change of total 
vehicle weight (Ibm/sec) 

Components of vehicle position, velocity 

and accelerations. A subscript on these 

quantities indicates the coordinate 

system in which these quantities are 

2 

measured. (ft, ft/sec, ft/sec , 
respectively) 

Components of vehicle center of gravity, 
with X measured positive forward from 
the vehicle reference plane, Y 
measured positive right from the missile 
centerline, and Z measured positive 
down from the vehicle centerline (in.) 
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TABLE AP 3-4 (Sheet 6 of. 11) 
SYMBOL DEFINITION FOR S-IB/S-IVB 
STAGE TRAJECTORY AND RADAR PARAMETERS 
COMPUTER PROGRAMS AB77, AC77, AND AB79 


PRINTOUT COMMON 

SYMBOL SYMBOL 


DEFINITION 


X SB CP 
Y SB CP 
Z SB CP 


X (V) 
Y (V) 
Z (V) 


D-X (V) 
D-Y (V) 
D-Z (V) 






Components of vehicle center of pressure, 
with X^p measured positive forward from 
the vehicle reference plane. Y__ 

V»A 

measured positive* right from the missile 
centerline, and measured positive 
down from the vehicle centerline (in.) 

Position coordinates in the terminal 
radius coordinate system. Origin is at 
the earth’s' center, Y^ along the desired 
terminal radius, X^ in the orbit plane 
in the direction of orbital motion, Z^ 
forming a right handed coordinate 
system (m) 

Velocity coordinates in terminal radius 


ALPHA* 

(S-IVB) 

a’- 

Total angle of attack. Angle between 

ALPHA 

(S-IB) 

a 

the centerline of the vehicle and the 
vehicle air velocity vector (deg) 

ALPHA 

(S-IVB) 

o 

Pitch angle of attack. Angle between 

ALPHA 

SB P (S-IB) 

a 

P 

the projection of the .vehicle's air 
velocity vector onto the pitch plane 
and the centerline of the vehicle 
(deg) 
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PRINTOUT 

SYMBOL 

BETA (S-IVB) 
ALPHA SB Y (S 

BETA 
BETA (F) 

GAMMA (1) 

GAMMA (2) 


GAMMA (II) 


.GAMMA (II) PR 


GAMMA (21) PR 


TABLE AP 3-4 (Sheet 7 of 11) 
SYMBOL DEFINITION FOR S-IB/ S-IVB 
STAGE TRAJECTORY AND RADAR PARAMETERS 
COMPUTER PROGRAMS AB77, AC77, AND AB79 


COMMON 

SYMBOL 


DEFINITION 


6 

IB) a 

y 


e 

^1 


^2 





Yaw angle of attack. Angle between the 
projection of the vehicle’s air velocity 
vector onto the yaw plane and the center- 
line of the vehicle (deg) 

True anomaly at start of glide (deg) 

True anomaly at terminal altitude (deg) 

Elevation flight path angle. Angle 
between the earth fixed vehicle velocity 
and the local tangent plane positive 
for an ascending vehicle (deg) 

Azimuthal flight path angle. Angle 
between the local north clockwise to . 
the projection of the earth fixed 
vehicle velocity on the local tangent 
plane (deg) 

Inertial elevation flight path angle. 

Same as except measured to inertial 
vehicle velocity (deg) 

Inertial elevation flight path angle. 

Angle between the inertial velocity 
vector and the X ' Z ' plane. Angle 

Ll 

is positive for an ascending vehicle (deg) 

Inertial azimuthal flight path angle 
measured in the X ',Z ' plane. Angle 

Lf 

between Z , clockwise to the projection 
J-fX 

of the inertial velocity vector (deg) 
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TABLE AS 3-4 (Sheet 8 of 'll) 
SYMBOL DEFINITION FOR S-IB/S-IVB 
STAGE TRAJECTORY AND RADAR PARAMETERS 
COMPUTER PROGRAMS AB77, AC77, AND AB79 


PRINTOUT 

SYMBOL 

GAMMA SB IF 

GAlfi-lA SB 2F 

DELTA (A) 

D-DELTA (A) 
D-DELTA (B) 

SMCP 
SMCY 
E SB W 


EPS (THETA) 
EPS (PSI) 
EPS (PHI) 

RANGE ANGLE 


COMMON 

SYMBOL 


DEFINITION 



6MCP 

6MCY 


e 


W 



Inertial flight path elevation angle at 
the terminal altitude (deg) 

Inertial flight path azimuth angle, 
at the terminal altitude (deg) 

Vehicle actuator A (yaw) and actuator 
B (pitch) 

Vehicle actuator A (yaw) and actuator B 
(pitch) glmbal angle rates, respectively 
(deg/sec) 

Pitch thrust misalignment correction 
(radians) 

Yaw thrust misalignment correction 
(radians) 

Tabular wind azimuth angle, positive 
clockwise from north, as a function of 
altitude (at “ zero wind is coming 
from the north) (deg) 

Autopilot error signal (deg) 


ri' Spherical earth range angle. The angle 

is measured between lines connecting 
the following three points: the vehicle, 

the center of the earth, and the launcher 
with the earth's center as the vertex 
(radians) 
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TABLE AP 3-4 (Sheet 9 of 11) 
SYMBOL DEFINITION FOR S-IB/S-IVB ‘ 
STAGE TRAJECTORY AND RADAR PARAMETERS 
COMPUTER PROGRAMS AB77, AC77, AND AB79 


PRINTOUT 

COMMON 

DEFINITION 

SYMBOL 

SYMBOL 

D-THETA (M) QRP 
D-PSI (M) QRP 
D-PHI (M) QRP 

®M* ^M’ ^M 

Vehicle pitch, yaw, and roll attitude 
Euler angle rates (deg/sec) 

THETA SB C 

®C 

Commanded vehicle pitch Euler angle (deg) 

THETA (M) QRP 
PSI (M) QRP 
PHI (M) QRP 

®M* "^M* ^M 

Vehicle pitch, yaw, and roll attitude 
Euler angle (deg) 

THETA. (P) 
THETA (Y) 
THETA (R) 


For the three-gimbal stable platform, 
pitch, yaw and roll angles, respectively 
(deg) 

MU 

P 

Instantaneous vehicle longitude where 
Greenwich, England, is longitude zero. 
West of Greenwich is positive (deg) 

MU SB F 

y 

Longitude of r^ (deg) 

XI 

ETA 

ZETA 

5, n, ? 

Vehicle position obtained by integrating 
5, n, i. The C>n»4 system coincides with 
the P system at t = 0, and is- falling 
with an acceleration equal to gravity 
at the vehicle position. Position and 
velocity in this system correspond to 
the position and velocity the vehicle 
would have if gravity were zero . (ra) 

D-XI 

D-ETA 

D-ZETA 

* • • 
n, 

Vehicle velocity obtained by integrating 
n, 5 (m/sec) 
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TABLE AP 3-4 (Sheet 10 of 11) 
SYMBOL DEFINITION FOR S-IB/S-IVB 
STAGE TRAJECTORY AND RADAR PARAMETERS 
COMPUTER PROGRAMS AB77, AC77, AND AB79 


PRINTOUT COI-iMON 

SYMBOL SYMBOL 


DEFINITION 


RHO p 

RHO PRIME p ' 

RHO SB F p^. 

TAU-P T 


TAU SB PHI , 

9 


TAU SB THETA 


Instantaneous geodetic latitude, positive 
in the northern hemisphere (deg) 

Instantaneous geocentric latitude, 
positive in the northern hemisphere (deg) 

V 

Longitude' of (deg) 

Radar polarization look angle for the ith 
radar station: angle between the proje- 

ction of the vehicle centerline on a 
plane perpendicular to the radar line of 
sight and the line of intersection of 
the plane containing the radar line of 
sight, perpendicular to the earth’s 
surface, and the plane perpendicular to 
the radar line of sight, measured positive 
counterclockwise from this line of 
Intersection as viewed looking along the 
radar line of sight toward the vehicle 
(deg) . 

Roll look angle measured from the positive 
yaw axis (Yjjj) clockwise looking forward 
(fin plane III to I'V) to the telemetry 
line of sight in the roll plane (deg) . 

Total telemetry look angle measured from 
the positive (nose) vehicle centerline to 
the telemetry line of sight (deg) . 
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PRINTOUT 

SYMBOL 

TAU (IG) 

TAU (3G) 

TAU SB F 

PHI SB C 
PHI (T) 


PSI SB C 

CHI SB P 
CHI SB R 
CHI SB Y 

D-CHI SB P 
D-CHI SB R 
D-CHI SB Y 


TABLE AP 3-4 (Sheet 11 of 11) 
SYMBOL DEFINITION FOR S-IB/S-IVB 
STAGE TRAJECTORY. AND RADAR PARAMETERS 
COMPUTER PROGRAMS AB77, AC77, AND AB79 


COMMON 

SYMBOL 


DEFINITION 


'^3G 


^C 

<f>T 


^R 


Ratio of W/W during third stage opera- 
tion (sec) 

Ratio of W/W during third stage opera- 
tion (sec) 

Time since/to perigee at terminal 
altitude (sec) 

Command vehicle roll Euler angle (deg) 

Estimate of terminal range angle measured 
in the orbit plane from the descending 
node to the terminal radius vector, 
positive in the flight direction 
(radians) 

Command -vehicle yaw Euler angle (deg) 

Guidance- commanded body attitude angle 
in the vehicle pitch, roll, and yaw 
plane (deg) 

Guidance - commanded body attitude rates 
in the vehicle pitch, roll, and yaw 
plane (deg/sec) 
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. . .. -TABLE .,AP 3-5 • : 

LIST OF COORDINATE SUBSCRIPT DEFINITIONS 


Coordinate system on the surface ot the spheroid representing the 
earth and whose origin is at the same latitude and longitude as the 
launcher. positive downrange, perpendicular to the surface of 

the spheroid, positive up, and Y crossrange positive in the right 
handed coordinate system. (English) 

Vehicle coordinates fixed at the center of gravity of the' 'Vehicle. X 
paralle’l to the longitudinal axis of the vehicle positive forward, 

at the 180 deg bank angle position, and at the 90 deg bank angle 

position. (English) 
r 

■Inertial coordinate system with its origin at the center of the earth 
and with its Xp axis along the line parallel 'to the local gravity 
v.ector at launch through the earth's - center, positive up. The Z^ axis 
is parallel to the plane defined by the and Y^ axes at launch and 
Yp forms a right-handed coordinate system. (Metric) 

Coordinates- .initially coincident with the e system, but remaining fixed 
in space.' (English) ' . 

Space Fixed Ephemeris System. The origin of the system is at the 
center. of the earth, is positive north, passes through the 

vernal equinox and Xg^g completes the right handed system with the 
Xggg “Xggg plane coincident with the equatorial plane. The directions 
of the axes remain fixed in space and the origin moves, with the center 
of the earth. • The reference equinox and equator are the true vernal 
equinox and equator for the epoch of .midnight of the day of the launch'. 
(English) 
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NOTE: THE Y AXES ARE PERPENDICULAR TO THE 

EARTH'S SURFACE AT THE LAUNCH SITE 

Figure AP 3-1. Coordinate System, AB21 and AD77 Computer Programs 
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POSITION III 


FIN 5 


POSITION II 


FIN 3' 


FIN 2 


FIN 7 


FIN 1\ FIN 8 


POSITION IV 


FLIGHT POSITION 


POSITION I 


NOTE: VEHICLE PITCHES OVER 

POSITION I 


Figure AP 3-2. Body Fixed Coordinate System Orientation 


APPENDIX 4 


TELEMETRY LOOK ANGLES AND TELEMETRY 
POWER MARGINS 


4. TELEMETRY LOOK ANGLES 


This appendix presents the telemetry look angles for the AS-205 mission. 
Figure AP 4-1 presents the telemetry look angles versus time for S-IB 
and' S-IVB powered flight. Table AP 4-1 summarizes orbital telemetry , 
coverage through three revolutions with times associated with an 
acquisition elevation angle of 2 deg and a loss-of-signal elevation 
angle of' 0 deg. Table AP 4-2 presents a summary of telemetry coverage 
during certain significant S-IVB stage events. 

Data are presented in this appendix for those stations of which telemetry 
coverage- is required during powered flight and the first three revolu- 
tions. These stations, as listed in the SA-205/CSM-101 Launch Vehicle' 

!/ * 

Ground Support Plan (reference 17.) , are as follows: 

a. Powered flight phase: Tel 4 

MILA-CIF 
Grand Bahama 
Bermuda 

Vanguard (Insertion Ship) 

b. Orbital phase: Tel- 4 Tananarive, 

MILA-CIF Carnarvon 

Bermuda ARIA (aircraft) 

Vanguard Hawaii 

Canary Islands Guaymas 

Antigua Corpus Christ! 

Ascension 
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TABLE AP 4-1 (Sheet 1 of 2) 
^ ORBITAL TELEMETRY SUMMARY 




ACQUISITION TIME 
AT +2 DEG 
(sec) 

MAXIMUM ELEVATION 

LOSS TIME 
AT 0 DEG 
(sec) 

TRACKING 

TIME 

(sec) 

REVOLUTION 

STATION 

ANGLE 

(deg) 

SLANT RANGE 
(ft X 106 ) 

TIME 

(sec) 

1 

Vanguard 
(Insert. Ship) 

575 

61 

.9 

800 

1,035 

460’ ' 

1 

Canary 

1,040 

37 

1.2 

1,250 

1,490 

450 

1 

Tananarive 

2,245 

16 

2.6 

2,450 

2,690 

445 

1 

Carnarvon 

3,180 

16 

2.7 

3,400 

3,625 

445' 

1 

Guaymas 

5,410 

61 

.9 

5,625 

5,850 

440 

1 

Corpus Christ! 

5,590 

40 

1.1 

5,800 

6,025 

435 

2 

Cape Tel 4 

5,825 

30 

1.4 

6,025 

6,250 

425 

2 

MILA GIF 

5,825 

31 

1.4 

6,025 

6,255 

430 

2 

Grand Bahama 

5,865 

19 

2.1 

6,050 

6,280 

415 

2 

Bermuda 

6,035 

55 

.9 

6,250 

6,475 

440 

2 

Vanguard 
(Insert. Ship) 

6,255 

22 

1.9 

6,450 

6,675 

420 

2 

Canary 

6,760 

5 

4.4 

6,900 

7,050 

290 

2 

Tananarive 

7,870 

34 

1.7 

8,100 

8,375 

505 

2 

Carnarvon 

8,855 

29 

2.0 

9,095 

9,360 

505 

2 

ARIA 

9,240 

20 

2.4 

9,460 

9,700 

460 

2 

Hawaii 

10 , 430 

18 

2.2 

10,620 

10 , 840 

410 

2 

Guaymas 

11,110 

29 

1.5 

11,320 

11,540 

430 

2 

Corpus Chris ti 

11,290 

24 

1.7 

11,500 

11,720 

430 

3 

Cape Tel 4 

11,520 

52 

.9 

ll,72p 

11,960 

440 

3 

MILA GIF - 

11,520 

53 

.9 

11,720 

11,960 

440 
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TABLE AP 4-1 (Shi 
ORBITAL TELEMET] 


ANGL] 

(deg; 


REVOLUTION 

STATION 

ACQUISITION TIME 
AT +2 DEG 
(sec) 

3 

Grand Bahama 

11,560 

3 

Bermuda 

11,730 

3 

Antigua 

11,860 

3 

Vanguard 
(Insert, Ship) 

12,010 

3 

Ascension 

12,670 

3 

Tananarive 

13,625 

3 

Carnarvon 

14,550 

3 

ART A 

14,930 

3 

Hawaii 

16,100 

3 

Guaymas 

16,810 

3 

Corpus Chris ti 

16,980 


I 


MAXIMUM ELEVATION 


TRACKING 


SLANT RANGE TIME 

(ft X 106) (sec) 


LOSS TIME 
,AT 0 DEG TIME 

(sec) (sec) 


1.3 


2.3 


2.9 


4.5 


11,760 

11,920 

12',040 

12,120 


12,000 

12,140 

12,250 

12,270 


440 

410 

390 

260 


2.3 
4-1 

1.3 
1.9 
1.5 

1.4 
.9 


12,880 

13,125 

13,825 

14,050 

14,800 

15,050 

15,150 

15,380 

16 ,300 

16,530 

17,000 

17,240 

17,200 

17,425 


455 

425 

500 

450 

430 

430 

445 





















TABLE AP 4-2 

AS-205 TELEMETRY CO.VERAGE OF SIGNIFICANT EVENTS 


EVENT 

REVOLUTION'. 

APPROXIMATE 
TIME FROM 
FIRST MOTION 
(sec) 

TELEMETRY. 
STATION ■ 
COVERAGE 

LH2 Tank Vent 

1 - - - 

615 to 1,875 

- Bermuda, Vanguard, 




Canary Island 

LOX Tank Vent 

1 

645 to 675 

Bermuda, Vanguard 

(Propulsive) 




LH2 Tank Vent' 

1 

3,245 to -3,545, 

Carnarvon 

LOX Dump 

1&2 , . 

5,666 to 6,387' 

Continental United 

(Propulsive) 



States, Bermuda, 




Vanguard 

Manual Maneuvers 

2 

9,000 to 9,180 

Carnarvon, ARIA 

S-IVB/CSM 

2 

10,500 

Hawaii 

Separation 




CSM/S-IVB ■ 

19 

29 hr 45 riiin to 

Hawaii , Guaymas,, 

Rendezvous 


30 hr 20 min 

Western- United 




States 
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ELEVATION ANGLE (DEG) 



Figure AP 4-1. AS-205 Powered Flight Telemetry Elevation Angles 





5. 


PREDICTED PROPULSION SYSTEM PERFORMANCE 


This appendix contains predicted propulsion performance data in support 
of the stage objectives presented in section 3. The data are submitted 
in accordance with the requirements of the Douglas contract letter 
A3-131-4. 35.12 -L-595, Contract NAS7-101, S-IVB Stage Propulsion System 
Performance Prediction Requirements (RFQ1384) , dated 9 August 1967. The 
data were fon>7arded to NASA/MSFC by Contractor letter A3-250-KCBC-L-4184 , 
Contract NAS 7-101, S-IVB Final Propulsion Performance Prediction, 
S-IVB-205 (Rev 5), dated September 1968. The predictions are presented 
in accordance with Change Orders 501, 575, and ECP X189. 

Predicted propulsion system performance parameters are presented in 
table AP 5-1, and table AP 5-2 is a programmed AA89 computer printout. 
Table AP 5-3 consists of a list of symbols with their definitions as 
used in the computer printout. Figures AP 5-1 through AP 5-25 represent 
a graphical presentation of plots obtained from the programmed AA89 
computer printout. 

The tables and figures presented in this appendix are based upon 
acceptance firing results and engine tag values. The engine tag values 
are variable for S-IVB-205. Table AP 5-4 presents the tag values. 
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TABLE AP 5-1 (Sheet 1 of 2) 

PREDICTED AS-205 PROPULSION SYSTEM PERFORMANCE PARAJffiTERS- 


PARAMETER 

UNIT 


DISPERSION 

REMARKS 

Average Stage Longitudinal 

Ibf 

211,754.0 

+4,700 

1 

Thrust 





Before PU Valve Cutback 

Ibf 

226,932.0 

+4,100 

2 

After PU Valve Cutback 

Ibf 

175,104.0 

+5,400 

3 

Average LOX Flowrate 

Ibm/sec 

415.4 

+16.0 

1 

Before PU Valve Cutback 

Ibm/sec 

451.4 

+7.6 


After PU Valve Cutback 

Ibm/sec 

331.2 

+11.6 

' 

Average LH2 Flowrate 

Ibm/.sec 

80.7' 

+2.9 

1 

Before PU Valve 'Cutback 

Ibm/ sec 

■ 82.0 

■ +1..9 


After PU Valve Cutback 

Ibm/sec 

75.^ 

+2.8 


Average Stage Mass Flowrate 

Ibm/sec 

496.1 

+19.0 

1 

Before PU Valve Cutback 

Ibm/sec 

533.4 

+7.8 


After PU Valve Cutback 

Ibm/sec 

4 o 6.8 

+14.0 


Average Stage Longitudinal 

sec 

426.8 

+7.3 

1 

Specific Impulse 


425.4 



Before PU Valve Cutback 

sec 

+2.3 


After PU Valve Cutback 

sec 

430.4 

+2.8 


Engine Total Impulse 

lb -sec 

9.7816 X 107 

+2.321 X 106 

1 

PU Valve Cutback Time from ESC 

sec 

308.7 

+75 


Start Impulse (3.5 sec) 

lb -sec 

224,306 

-55 

+30,000.0 

4 

Cutoff Impulse 

lb-sec 

60,144.0 

+2,000.0 

5 

Time from 90 percent Thrust 

sec 

468.8 

+16.0 . 


to ECC* 





Total Depletion Bum time 

sec 

472.3 

+16.0 


(ESC to ECC)* 





Loaded Propellants (LOX) 

Ibm 

193,273 

+2 ,165.0 


(LH2) 

Ibm 

39,647 

+419.0 


(TOTAL) 

Ibm 

232,920 

+2,205.0 


Engine Propellant Consumption 
(90 percent Thrust to ECC)* 





(LOX) 

Ibm 

192,176.0 

+2,153.0 


(LH2) 

Ibm 

37,390.0 

+404.0 


(TOTAL) 

Ibm 

229,566.0 

+2,190.0 



*As used in this table, ECC refers to propellant depletion engine cutoff. 


September 1968 


AP5-2 









TABLE AP 5-1 (Sheet 2 of 2) 

PREDICTED AS-205 PROPULSION SYSTEM PERFORMANCE PARAMETERS 


NOTES : 


. Determined from 90 percent thrust buildup to ECC. Does not 
Include ullage rocket operation. 

. During period when PU valve is against the LOX rich stop. 

. During period after PU valve cutback until ECC received by 
the engine . 

. Determined for time period of ESC to 90 percent thrust 
buildup . 

. Determined for time period of ECC as monitored on the S-IVB 
stage until thrust decay to zero. 
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TABLE AP 5-2 (Sheet 1 of 25) 

PREDICTED S-IVB PROPULSION SYSTEM PERFORMANCE 
COMPUTER PROGRAM AA89 


1 

time 

HDDTSUBO 

2 

PSUBE 

TTPSUBD- 

J 

EMR 

PQPI 

4 

ENGINE ISP 

TOPI 

5 

csubpev 

RHOSUBO- 

6 

PCC 

WDDTOBD 

7 

LPS 

wodthe 

8 

FPS 

TTOHE 

9 

FSUDAUX 

ttdlox 

10 

WSUBO error 

WDBqT 

11 

W5UBHE 

ttmo 

u 

13 

GGHR 

ASUBM 

WDDTOGG 

1 

0,000 

0,000 

2 

0,00 

41,300 

3 

0,000 

41,300 

4 

0,000 

165,140 

5 

1,692 

70.699 

6 

0,000 

0,382 

7 

0,000 

0.330 

8 

0,000 

3,500 

9 

0,000 

32,000 

10 

0,000 

0.000 

11 

330,000 

35,500 

12 

13 

0,000 

0,000 

0.000 

1 

0,200 

0.000 

2 

0.00 

41,420 

3 

0,000 

41,420 

4 

0,000 

165,040 

5 

1.692 

70.717 

6 

0,000 

0.382 

7 

0,000 

0.390 

8 

0,000 

3.570 

9 

0,000 

32.076 

10 

0,000 

0.076 

11 

329,930 

35.646 

12 

13 

0,000 

0,000 

0.000 

1 

0,400 

0.000 

2 

0,00 

41,540 

3 

0,000 

41,540 

4 

0,000 

164,940 

5 

1i692 

70,735 

6 

0,000 

0.382 

7 

0,000 

0.390 

8 

398,879 

3.640 

9 

0,000 

32,153 

10 

0,000 

0,153 

11 

329,860 

35,793 

12 

13 

0,000 

0,000 

0.000 

1 

0,600 

0.000 

2 

0.00 

41, 660 

3 

0,000 

41,660 

4 

0,000 

164.840 

5 

1.692 

70.733 

6 

0,000 

0.382 

7 

0,000 

0.350 

8 

1796,616 

3.710 

9 

0,000 

32,229 

LO 

0,000 

0.229 

11 

329,790 

35,939 

12 

13 

0,000 

0,000 

0.000 


hootsubp 

WDOTSUBT 

TTPSU8F 

HSUBO 

PFPI 

VSUBO 

TPPI 

WP PU 

RHOSUBF 

WQPU USABLE 

WOOTFBO 

up USABLE 

WDDTFPR 

wp JN TANK 

TTFHE 

WSUBOT 

TTFLH2 

OXID QVB 

wpbqt 

WDQTPVO 

TTHP 

WQVQT 

WDOTFOG 

DRAG 

WFPRT 

0,000 

0.000 

32.500 

199,281 

32,500 

2728.539 

30,070 

0,000 

4,327 

191564,000 

0,000 

192709'. 000 

0,000 

192906,000 

38,000 

193273.000 

131,000 

O'. 000 

0,000 

O'. 000 

169,000 

0.000 

0,000 

o’. 000 

0.000 

0,000 

0.000 

32,500 

199', 280 

32,500 

2727.842 

38,036 

191234.094 

4,351 

191563',922 

0,000 

192708', 922 

0,000 

192905,922 

38.000 

193272.922 

131, OOO 

0.000 

0,000 

o', 000 

169,000 

0.000 

0,000 

0,000 

0,000 

1,873 

1.875 

32.500 

199,280 

32,499 

2727.146 

38,002 

19l234',02l 

4,352 

191563.846 

0,000 

19270B',846 

0,000 

192905',846 

38,000 

193272.846 

131,000 

O'. 000 

0,000 

o'. 000 

169,000 

0.000 

0,074 

0.000 

0,000 

5,628 

5.628 

32,500 

199,280 

32,495 

2726-.451 

37,968 

191233.949 

4,354 

191563.770 

0,000 

192708;770 

0,000 

192905.770 

38,000 

193272'. 770 

131,000 

0.000 

0,000 

0.000 

169,000 

O', 000 

0,223 

0.000 

0.000 
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DEL 
HSUBP 
VSUBF 
WF PU 

WPPU USABLE 
HP USABLE 
WF IN TANK 
WSU8FT 

fuel OVB 

WOPTFVd 

WFVOT 

WSUBV 

IHPSUBT 

OiOOO 
479,891 
9150,586 
, 0,000 

38577,000 

38577.000 

39599.000 

39647.000 

' 0,000 

0,000 

0,000 

295073,000 

0,000 

0,000 

479,89'X 

9101,885 

38336,355 

38577.000 

38577.000 

39599.000 

39647.000 
0,000 
0,000 
0,000 

295072.922 

0,000 

0,000 

479,890 

9098,784 

38336,262 

38576,907 

38576.906 

39598.906 

39646.906 
0,094 
0,000 
0,000 

295072,750 

0,000 

0,000 

479,884 

9095,343 

38335,526 

38576,162 

38576,161 

39598.154 

39646.154 
0,846 
0,000 
0,000 

295071.922 

0,000 
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TABLE AP 5-2 (Sheet 2 of 25) 

PREDICTED S-IVB PROPULSION SYSTEM PERFORMANCE 
COMPUTER PROGRAM AA89 


1 

O.800 

0.000 

5,951 

5.951 

0,000 

2 

0,00 

41,780 

32,500 

199,280 

479,874 

3 

0,000 

41,780 

32,494 

2723',758 

9092,212 

k 

0,000 

164,740 

37,934 

191233‘,877 

38334,398 

5 

1.692 

70,771 

4,355 

191563.693 

38575,013 

6 

0,000 

0,332 

O.OQO 

192708,693 

38575,012 

7 

0,000 

0.390 

0.000 

192905', 693 

39596,995 

B 

1899,258 

3,780 

38,000 

193272,693 

39644,995 

9 

0,000 

32.306 

131.000 

0.000 

2,005 

10 

0,000 

0,306 

0,000 

O '. 000 

0,000 

U 

329,720 

36,086 

169,000 

0,000 

0,000 

12 

0,000 

0,000 

0,236 

0.000 

295070,688 

13 

0,000 


0,000 


0,000 

I 

1,000 

0,000 

6,274 

6 '. 274 

0,000 

2 

0.00 

41,900 

32,500 

199 '. 2B0 

479,864 

3 

0,000 

41,900 

32.493 

2725.065 

9088.872 

4 

0,000 

164,640 

37,900 

191233',805 

38333,211 

5 

1.692 

70.789 

4,357 

191563,617 

38573,800 

6 

0,000 

0,382 

0,000 

192708,617 

38573,800 

7 

0,000 

0,330 

0,000 

192905 ', 617 

39595,772 

e 

2001.897 

3,890 

38,000 

193272.617 

39643,772 

9 

0,000 

32,382 

131,000 

0.000 

3,228 

10 

0,000 

0.382 

0.000 

0,000 

0,000 

11 

329,690 

36,232 

169,000 

O '. 000 

0,000 

12 

0,000 

0,000 

0,249 

o ', 000 

295069,387 

13 

0,000 


0,000 


0,000 

1 

1,200 

0,000 

9,651 

9 ’. 651 

0,000 

2 

6.00 

42,020 

32,533 

199'.280 

479,852 

3 

0,000 

42,020 

32,517 

2725.065 

9086,704 

4 

0,000 

164.640 

37.880 

191233.734 

38331,809 

5 

1.692 

70.789 

4,357 

19 1563 '. 543 

38572,370 

4 

0,000 

0,382 

0,000 

I9270e ’, 54l 

38572,370 

7 

0,000 

0,330 

0.019 

V92905.541 

39594,330 

B 

3079,674 

3,920 

38,000 

193272,541 

39642,330 

9 

0,000 

32.438 

131.002 

O ', 000 

4.668 

10 

0,000 

0,438 

0,000 

0.000 

0,000 

11 

329.580 

36,379 

169,002 

O '. 000 

0,000 

12 

0,000 

0.000 

0,383 

0.000 

295067,867 

13 

0,000 


0,002 


0,000 

1 

1.400 

0,000 

31.762 

31.762 

0,000 

2 

0.00 

42,140 

32,567 

199 ', 280 

479,816 

3 

0,000 

42,140 

32,395 

2 ? 25'.065 

9084,027 

4 

0,000 

164,640 

37,860 

191233,664 

38327,569 

9 

1.692 

70.789 

4,358 

191563.467 

38568,079 

6 

0.000 

0.382 

0.000 

192708.465 

38368,078 

7 

0,000 

0,350 

0,039 

192905',465 

39390,000 

S 

10136,693 

3.990 

38,000 

193272.465 

39638,000 

9 

0,000 

32,539 

131,008 

o '. 000 

8,992 

10 

0,000 

0.535 

0,000 

O '. 000 

0,000 

11 

329,510 

36.525 

■ 169,008 

0.000 

0,000 

12 

OgOOO 

0.000 

1.261 

o '. 000 

295063,468 

13 

0,000 


0,008 


0,000 

1 

1.600 

63,132 

41,805 

104 '. 937 

0,000 

2 

10203,91 

42,260 

32.600 

199.275 

479,751 

3 

1.510 

42.210 

32,303 

2725,021 

9080,630 

4 

97,239 

164.640 

37,840 

191230.436 

38319,986 

5 

1,693 

70.789 

4,359 

191560.234 

38560,357 

6 

35,418 

0.382 

0,000 

192705.232 

38560,356 

T 

1303,294 

0.391 

0i058 

192902,230 

39582,211 

8 

13343,484 

4,060 

38,000 

193269.230 

39630,211 

9 

0,000 

32.611 

131,018 

3 ', 158 

16,771 

10 

0,000 

0,611 

0,000 

0.000 

0,000 

11 

329,440 

36.672 

169,018 

0.000 

0,000 

12 

0,274 

0.495 

1,660 

0.000 

295052,441 

13 

0,039 


0,018 


510,207 
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TABLE AP 5-2 (Sheet 3 of 25) 

PREDICTED S-IVB PROPULSION SYSTEM PERFORMANCE 
COMPUTER PROGRAM AA89 


1 

1|800 

63,817 

43.412 

107.229 

0,000 

2 

11373,49 

42,380 

32,633 

199.257 

479,681 

3 

1,470 

42.628 

32,357 

2724.837 

9076,807 

4 

106,068 

164,641 

37,820 

191217;844 

38311,705 

5 

1,693 

70,789 

4,360 

191547.107 

38551,895 

6 

39 , 47 ? 

0.382 

0,000 

192692‘,103 

38551,895 

7 

1316,932 

0,331 

0,078 

192889,092 

39573,675 

B 

13857,118 

4.131 

38,000 

193256,092 

39621,675 

9 

0,000 

32,688 

131,031 

16.219 

25.293 

10 

0,000 

0,688 

0,000 

0.000 

0,000 

U 

329,369 

36,818 

169,031 

0.000 

0,000 

12 

0,267 

0,460 

1.725 

0.000 

295030,766 

13 

0,039 


0,031 


2668,131 

1 

2,000 

57.248 

43,730 

100.977 

0,000 

2 

36748,70 

42,500 

32,667 

199.240 

479,608 

3 

1,309 

42,790 

32,391 

2724 ’. 666 - 

9072,978 

4 

363.930 

164.641 

37,800 

191206,377 

38303,236 

5 

1,693 

70.789 

4,361 

191534‘,934 

38543,238 

6 

127,545 

0.382 

0,000 

192679.932 

38543.238 

7 

1181,197 

0.351 

0,097 

192876,906 

39564,943 

8 

13959,171 

4,201 

38,000 

193243.906 

39612,943 

9 

0,000 

32,764 

131,049 

28,328 

34,008 

10 

0,000 

0,764 

0,000 

0.000 

0,000 

11 

329,299 

36,965 

169,049 

0.000 

0.000 

12 

13 

0,238 

0,125 

0,413 

1,738 

0,049 

0.000 

295009,848 

5463,064 

1 

2,200 

99.214 

44,059 

143,273 

0,000 

2 

68374,45 

42,387 

32,700 

199.219 

479,535 

3 

2,232 

43,719 

32,586 

2724.445 

9068,909 

4 

4 - 77,233 

164.641 

37,780 

191191,365 

38294,701 

5 

1,693 

70.789 

4,362 

191519,221 

38534,513 

6 

237,279 

0,382 

0,000 

192664;219 

38534,312 

7 

2045,562 

0.351 

0 , U 7 

192861,180 

39556,141 

8 

14064,344 

4,271 

38,000 

193228.180 

39604.141 

9 

0,000 

32,840 

131,070 

43,979 

42.789 

10 

0,000 

0,840 

0,000 

0,000 

0,000 

11 

329,229 

37 . m 

169,070 

O '. 000 

0,000 

12 

13 

0,408 

0,232 

0,715 

1.752 

0,070 

0.000 

294983,320 

15976,790 

1 

2,400 

144,989 

45,429 

190.419 

0,000 

2 

100020,96 

42,275 

32,733 

199.185 

479,461 

3 

3,192 

44,341 

32,728 

2724,104 

9064,877 

4 

525,269 

164,641 

37,760 

191168'.223 

38286,046 

5 

1,693 

70,789 

4,363 

191494'.982 

38525,667 

6 

347,072 

0.382 

0,000 

; 192639',980 

38523,667 

8 / 

2987,843 

0,351 

0,136 

192836,920 

39547,218 

14501,976 

4.341 

38,000 

193203.920 

39595,218 

9 

0,000 

32,917 

131,092 

68.162 

51,686 

10 

0,000 

0.917 

0,000 

O '. 000 

0,000 

11 

329,139 

37,238 

169,095 

0.000 

0,000 

12 

13 

0,579 

0,339 

1,045 

1.807 

0,095 

0.000 

294952,137 

32818,159 

1 

2,600 

197,820 

47.844 

245.664 

0,000 

2 

131688.12 

42,162 

32,767 

199,137 

479,383 

3 

4,135 

44,878 

32,853 

2723,621 

9060,782 

4 

336,050 

164,641 

37,740 

191135.488 

38276,967 

5 

1,693 

70.789 

4,364 

191460.648 

38316,390 

6 

456,922 

0,382 

0,000 

192505.646 

38516,390 

7 

4074,756 

0.351 

0.156 

1928 o 2',557 

39537,860 

8 

15273,010 

4,411 

38,000 

I 93169’,557 

39585,860 

9 

0,000 

32,993 

131,125 

102,449 

61,015 

10 

0,000 

0.993 

0,000 

0,000 

0,000 

11 

329,089 

37,404 

169,123 

0.000 

0,000 

12 

13 

0.749 

0,447 

1.426 

1,903 

0,125 

0.000 

294908,414 

55991,993 
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TABLE AP 5-2 (Sheet 4 of 25) 

PREDICTED S-IVB PROPULSION SYSTEM PERFORMANCE 
COMPUTER PROGRAM AA89 


1 

2i800 

250,691 

51.463 

302 '.154 

0,000 

2 

188328,41 

42.090 

32,800 

199.075 

479,301 

3 

4,871 

48.344 

32.955 

2722’. 988 

9056.583 

4 

823,990 

164.641 

37,720 

191092;775 

38267,356 

5 

1,493 

70,789 

4.365 

19 141 5; 754 

38506,971 

6 

349,310 

0,382 

0,000 

192560.752 

38506,571 

7 

5161,817 

0t39l 

0,179 

192737.621 

39527,956 

8 

16428,869 

4«481 

38,000 

193124.621 

39575,956 

9 

0,000 

33.070 

131,158 

147.309 

70,886 

10 

0,000 

1,070 

0,000 

0.000 

0,000 

ll 

329,019 

37.881 

169,158 

0,000 

0,000 

12 

0,882 

1,807 

2.04S 

0.000 

294853,574 

13 

0,537 


0,158 


85417,969 

1 

3,000 

294.910 

56,280 

331.190 

0,000 

2 

169780,89 

41,938 

32,833 

198,999 

^79,211 

3 

5.240 

43.387 

32,969 

2722,. 213 

9052.313 

4 

'483,445 

164.642 

37,?00 

191040,512 

38256,862 

5 

1,693 

70.789 

4,365 

19136o'.729 

38495,653 

6 

889,046 

0,382 

O.OQO 

192505,727 

38495,853 

7 

6071,941 

0,331 

0.199 

192702^547 

39517,144 

8 

17967,693 

4,551 

38,000 

193069,547 

39565,144 

9 

0,000 

33', 146 

131.195 

202,307 

81,661 

10 

0,000 

1,146 

0,000 

O', 000 

0,000 

ll 

328,948 

37.697 

169,195 

0.000 

0,000 

12 

0,949 

2.126 

2.240 

o'. 000 

294688.688 

13 

0,576 


0,195 


116232.268 

1 

3,200 

330,505 

59,081 

389'.5B6 

0,000 

z 

178434,83 

41.825 

32,867 

198.913 

479,11s 

3 

5,594 

45,276 

32.989 

'272l'.331 

9049,124 

4 

458,012 

164.642 

37.694 

190981.191 

38249,628 

8 

1.693 

70.789 

4.366 

191298,198 

38484,376 

6 

619,073 

0,382 

0.000 

192443.156 

38484.373 

7 

6805,220 

0.391 

0.214 

192639,922 

39905,566 

8 

18864,847 

4,622 

38,000 

193006.922 

39553,566 

9 

0,000 

33.222 

131.236 

264.855 

93,198 

10 

0,000 

1.222 

0.000 

0.000 

0,000 

11 

328,878 

37.844 

169,236 

O', 000 

0,000 

12 

Ii0l3 

2.382 

2,352 

0,000 

294509,488 

IS 

0,606 


0,236 


153056,502 

1 

3.400 

353.573 

61.881 

415.455 

0,000 

2 

189273.64 

41.712 

32,900 

l9a'.Bl7 

479,013 

3 

5,714 

45.205 

33,000 

2720.357 

9045,806 

4 

445,934 

164.642 

37,688 

190915', 775 

38233,848 

5 

1,693 

70,789 

4,366 

191229,104 

38472,339 

6 

642,799 

0,382 

0,000 

192374,104 

38472,338 

•7 

7280,427 

0,391 

0,234 

192570.807 

39493,424 

8 

19762.096 

4.692 

38,000 

192937.807 

39541,424 

9 

0,000 

33.299 

131,280 

333.895 

103,295 

10 

0,000 

1,299 

0,000 

0,000 

0,000 

11 

328,808 

37.991 

169,260 

0,000 

0,000 

12 

1,034 

2.548 

2,464 

0,000 

294428,230 

13 

0.629 


0,280 


189545,434 

1 

3,886 

363.367 

64,484 

427.851 

0,000 

2 

188490,52 

41,608 

32,931 

198,725 

478,917 

3 

5,635 

45.129 

32,993 

2719.417 

9042,631 

4 

440,552 

164.642 

37,683 

190852.979 

38222,422 

5 . 

1.693 

70.789 

4,366 

191162', 412 

38460,644 

6 

683,960 

0.382 

0,000 

192307.410 

38460,643 

7 

7482,324 

0.391 

0,252 

I92504',055 

39481,627 

8 

20896,333 

4,757 

38,000 

192871.055 

39529,627 

9 

0,000 

33,370 

131,326 

400.574- 

117,047 

10 

0,000 

1.370 

0,000 

0.000 

0,000 

11 

328,743 

38,127 

169,326 

0,000 

0,000 

12 

1,020 

2.619 

2,568 

0,000 

294349,680 

13 

0,640 


0,326 


224306,494 
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TABLE AP 5-2 (Sheet 5 of 25) 

PREDICTED S-IVB PROPULSION SYSTEM PERFORMANCE 
COMPUTER PROGRAM AA89 


1 

3|600 

364,115 

64.680 

428.796 

0,000 

z 

I 88737 i 55 

41.600 

32.933 

198.718 

478,909 

3 

5,629 

45,156 

32,997 

2719.345 

9042,396 

4 

440,157 

164 , 642 - 

37,682 

190849 ', 392 

38221,641 

5 

1,693 

70.789 

4,366 

191157.316 

38459,743 

6 

654 , 81 ? 

0,332 

0,000 

192302.314 

38459,743 

7 

7497,570 

0.351 

0,253 

192490',955 

39480,719 

8 

20659,370 

4.762 

38,000 

192865.955 

39528,719 

9 

0,000 

33,375 

131,329 

405,668 

117.952 

10 

0,000 

1.375 

0,000 

0,000 

0,000 

11 

328,738 

38,137 

169,329 

0.000 

0,000 

IZ 

1,019 

2.624 

2,576 

0.000 

294343,672 

13 

0.641 


0,329 


226947,123 

1 

3,600 

371,988 

67,476 

439,464 

0,000 

Z 

192187.86 

41,487 

32.967 

198'.616 

478,799 

3 

3.513 

45.023 

32,976 

2710.307 

9038,847 

4 

437,323 

164.642 

37,676 

190778,266 

38208,649 

5 

1,693 

70,789 

4,966 

19 108 3 *. 693 

38446,990 

6 

666,789 

0.382 

0,000 

192228,691 

36446,589 

7 

7660,241 

0.391 

0 , 2.73 

192485'.266 

39467,450 

8 

21356,033 

4.832 

38,000 

192792.266 

39513,450 

9 

0,000 

33.452 

131,382 

479.281 

131,168 

10 

0,000 

1,492 

0,000 

O '. 000 

0,000 

11 

328,668 

38 , 284 - 

169,382 

o ', 000 

0,000 

IZ 

0,997 

2.631 

2,688 

0.000 

294256,715 

13 

0,653 


0,382 


265039,961 

1 

4,000 

379,870 

72,277 

452,147 

0,000 

Z 

194860,74 

41,375 

33,000 

198,512 

478,683 

3 

5,256 

44.920 

32,908 

2717.247 

9033,188 

4 

430,966 

164.642 

37,671 

190707,162 

38195,033 

5 

1.693 

70.789 

4,367 

191008,494 

38432,679 

6 

676,064 

0,382 

0,000 

192153,492 

38432,678 

7 

7822,932 

0 , 391 . 

0,292 

192350,000 

39453,417 

8 

23094,221 

4,903 

38,000 

192717.000 

39501,417 

9 

0.000 

33,528 

131,438 

554.471 

145,144 

10 

0,000 

1.528 

0,000 

0.000 

0,000 

11 

328,997 

38,431 

169,438 

0,000 

0,000 

12 

0,951 

2,738 

2.880 

0.000 

294167,414 

1,3 

0,662 


0,438 


303745,719 

1 

4,200 

381.438 

73,868 

455,305 

0,000 

Z 

197542,20 

41,262 

33,033 

198.406 

478,561 

3 

5,164 

44.866 

32,912 

2716,173 

9031,327 

4 

433,868 

164.643 

37,665 

190635 ', 193 

38180,797 

S 

1,693 

70.788 

4,367 

190932.352 

36418,130 

6 

685,365 

0.382 

OiOQO 

192077.352 

38418,130 

7 

7855,328 

0.351 

0,312 

192273,791 

39438,742 

8 

23606,247 

4.973 

38,000 

192640.791 

39486,742 

9 

0,000 

33,604 

131,499 

630,604 

159,759 

10 

0,000 

1,604 

0,000 

0.000 

0 , 0 Q 0 

11 

328.527 

36,577 

169,499 

0,000 

0,000 

12 

0,934 

2.749 

2,944 

0,000 

294076,531 

13 

0,672 


0,499 


342986,496 

1 

4.400 

383.005 

75,016 

458'.021 

0,000 

2 

‘ 199385.37 

41.150 

33,067 

198.301 

478,437 

3 

5,106 

44.811 

32,928 

2715 , 09 ? 

9027,365 

4 

435,319 

164.643 

37.659 

190562,939 

38166,274 

5 

1,693 

70.783 

4,367 

190855,896 

38403,285 

6 

691,758 

0,382 

0,000 

192000.895 

36403,284 

7 

7887,725 

0.391 

0,331 

192197 '. 26 B 

39423,767 

6 

23977,113 

5.043 

38,000 

192564.268 

39471,767 

9 

0,000 

33,681 

131.563 

707.051 

174,670 

10 

0,000 

1.681 

0,000 

0,000 

O , O 0 O 

11 

328,457 

38,724 

169,563 

O '. 000 

0,000 

IZ 

0,923 

2.760 

2,990 

0,000 

293985,031 

13 

0,678 


0.563 


382733,598 
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TABLE AP 5-2 (Sheet 6 of 25) 

PBEDICTED S-IVB PROPULSION SYSTEM PERFORMANCE 
COMPUTER PROGRAM AA89 


1 

4,400 

384,550 

75,722 

460.273 

0,000 

a 

199663.27 

41,037 

33,100 

198’, 194 

478,311 

3 

5,078 

44.700 

32.946 

2714’.013 

9023,355 

4 

433,794 

164,643 

37,653 

190490.391 

38151,588 

5 

1,693 

' 70,788 

4.367 

190779'. 131 

38388,273 

6 

692,72? 

0,382 

0,000 

191924.129 

38388,273 

■7 

7920,034 

0,351 

0,351 

192120,434 

39406,625 

a 

24206,450 

5,113 

38.000 

192487.434 

39456,625 

9 

’ 0,000 

33.757 

131.631 

783', 809 

189,744 

10 

0,000 

1,757 

0,000 

O’. 000 

0,000 

u 

328,386 

38.871 

169,631 

O.OOO 

0,000 

12 

0,918 

2.771 

3,019 

0.000 

293893,053 

13 

0,679 


0,631 


422638,711 

1 

4,800 

386,091 

76,427 

462.518 

0,000 

2 

199938,60 

40,925 

33,133 

198.088 

478,164 

3 

5,052 

44.579 

32,962 

2712.926 

9019,606 

4 

432,263 

164,643 

37,650 

190417,551 

38136,763 

5 

1,693 

70.788 

4,366 

I9o7o2',037 

38373,118 

6 

693,684 

0,382 

0,000 

191847.055 

38373,118 

7 

7952,308 

0,332 

0,370 

192043.291 

39393,337 

6 

24435,999 

5,184 

38,000 

192410’.291 

39441,337 

9 

0,000 

33.834 

131,703 

860‘,875 

204,960 

10 

0,000 

1.834 

0,000 

0,000 

0,000 

11 

328,316 

39.017 

169,703 

O.OOO 

0,000 

12 

0,913 

2.782 

3,047 

0,000 

293000,625 

13 

0,681 


0,703 


462599,059 

1 

5,000 

387,632 

77,130 

464‘.761 

0,000 

2 

200212,98 

40,813 

33,167 

197.980 

478,056 

3 

5,026 

44,458 

32,978 

27ll'.835 

9016,117 

4 

430,787 

164.643 

37,651 

190344.420 

38121,797 

3 

1,693 

70,788 

4,368 

190624'. 674 

38357,819 

6 

694,640 

0.382 

0,000 

19l769',672 

30357,819 

7 

7984,564 

0,352 

0,390 

191965,840 

39377,904 

8 

24665,839 

5,234' 

38,000 

192332'. 840 

39425,904 

9 

0,000 

33.910 

1-31.779 

938.250 

- 220,316 

10 

0,000 

1.910 

0,000 

0,000 

0,000 

11 

■ 328,246 

39,164 

169,779 

0^000 

0,000 

12 

0,908 

2.793 

3,076 

O.OOO 

293707,742 

13 

0,682 


0,779 


502614,336 

1 

6,000 

391,883 

79,770 

471,654 

0,000 

2 

203954,16 

40,250 

33,333 

197,441 

477,400 

3 

4,913 

43,945 

33,089 

2706.339 

8998,209 

4 

432,423 

164,644' 

37,655 

189976,049 

38045,164 

5 

1,693 

70.788 

4,367 

190234.869 

38279,430 

6 

■707,630 

0,382 

0,000 

191379,867 

38279,480 

• 7 

8074,273 

0,352 

0,487 

19157S',689 

39290,831 

8 

25533.874 

5,606 

38,000 

191942.689 

39346,881 

9 

0,000 

34,292 

132.217 

1323.018 

290,901 

10 

0,000 

2,292 

0.000 

O.OOO 

0,000 

11 

327,894 

39,898 

170,217 

o '. 000 - 

0,000 

12 

0,887 

2.823 

3,104 

0.000 

293238,570 

13 

0.696 


1,217 


704698,363 

1 

7,000 

449,627 

82.082 

531.709 

21,133 

2 

227498.22 

39,688 

33.500 

196.851 

476,721 

3 

5,478 

43.427 

33.291 

2700.327 

8979,306 

4 

427,862 

166,645 

37,659 

189572,867 

37965,704 

5 

1.723 

70.787 

A, 367 

189808', 537 

38198,250 

6 

775,638 

0.382 

0,000 

190953.535 

38198,250 

•7 

8595,820 

0,352 

0.584 

191148.979 

39216,941 

8 

26633,005 

5.938 

38,000 

191515'.979 

39264,941 

9 

0,000 

34,674 

132,753 

1754', 346 

380,306 

10 

0,000 

2.674 

o.ooo 

O.OOO 

0,000 

11 

327,542 

40.632 

170,753 

0,000 

0,000 

12 

0,961 

3,195 

3,326 

0.000 

292729,918 

13 

0,777 


1,753 


922888,773 
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TABLE AP 5-2 (Sheet 7 of 25) 

PREDICTED S-IVB PROPULSION SYSTEM PERPOEMANCE 
COMPUTER PROGRAM AA89 


1 

8,000 

449,701 

82,098 

931.760 

31,700 

2 

227397,14 

39,125 

33,667 

196‘.229 

476,052 

1 

3,480 

42, -8 52 

33,458 

2693,986 

6960,678 

4 

427,631 

164,646 

37,662 

189147.961 

37885,929 

5 

. 1,723 

70.787 

4.367 

189398,879 

38116,284 

6 

775,323 

0.382 

o-,ooo 

190503',877 

38116,283 

7 

8600,036 

0,353 

0,633 

1 . 9 . 0 . 698 , 922 ,- 

- 39 . 134,259 

8 

26437,010 

6.310 

38.000 

191065,922 

39182.259 

9 

0,000 

39,096 

133,374 

2204.021 

462,367 

10 

0,000 

3.096 

0,000 

0,000 

0,000 

U 

327,189 

41,366 

171,374 

0,000 

0,000 

12 

, 0,961 

3,195 

3,326 

0,000 

292197,180 

13 

0,778 

■ 

2,374 


1190328,963 

1 

9,000 

449,766 

82.080 

53 i ',846 

31,700 

2 

227327,35 

38,563 

33,833 

V 95,606 

479,382 

3 

■ 3,480 

42,278 

33,624 

2687,643 

' 8941,849 

4 

427,431 

164.646 

37,666 

188722,994 

37809,333 

5 

1,723 

70.786 ■ 

4,367 

168909 .•154 

38034,296 

6 

775,133 

0,382 

0,000 

190054.152 

36034,295 

•7 

8604,696 

0,333 

0,633 

190240,797 

39051,559 

e 

26441,816 

6,663 

38,000 

19 o 615 ,. 79 T 

39099,955 

9 

0,000 

35,438 

134,007 

2693,764 

544,438 

10 

0,000 

3 , 438 - 

0,000 

0.000 

0,000 

11 

326,837 

42.101 

■ 172,007 

0,000 

0,000 

12 

0,961 

3.196 

- 3,327 

. 0,000 

291664,332 

13 

0,779 


3,007 


1377690,797 

1 

10,000 

449,831 ■ 

8 ' 2 , 10 l 

531 , 932 . 

31,700 

2 

227257,54 

38,000 

34,000 

194 . 904 - 

474,713 

3 

9,479 

■ 41.705 

33,791 

2681.300 

8923,008 

4 

427,231 

164.647 

37,670 

188290 ,' 822 . 

37729,119 

5 

1,723 

70,786 

4,367 

188499,363 

37992,286 

6 

774,947 

“ ' ’ O . JBT "" 

~ 0 , 600 '" 

189664,361 

37952,286 

7 

8609,339 

0,393 

. 0 , 633 - 

189790 , 607 ' 

38 . 968,829 

8 

26446,620 

. 7 '. 016 

38,000 

190165,607 

39016,829 

9 

0,000 

35.620 

134,640 

• 3163.572 

626,531 

10 

0,000 

3,820 

0,000 

0.000 

0,000 

11 

326,484 

42.836 

172.640 

. 0,000 

0,000 

12 

0,961 

3 , 196 . 

3,327 

0,000 

291131,434 

13 , 

0,781 


' 3,640 


1604983,290 

1 

20,000 

452.307 

82.323 

534.630 

31,700 

2 

227294,96 

37,000 

- 33,700 

109,620 

- 468,246 

3 

. 5,494 

40.618 

33 ., 489 

2617,693 

8739 ., 387 

4 

429, .070 

164,695 

37,690 

183823.020 

36921,803 

5 

l ,,723 

70.782 

4,366 

183949,434 

37131,025 

6 

779,009 

. 0,382 

0,000 

185094.432 

37131,024 

7 

8662,656 

0,356 

0,633 

189284.676 

38140,393 

8 

26524,773 

10,569 

38,000 

I 8565 l ',676 

38188,393 

9 

0,000 

39,640 

140.970 

■ 7 . 6 13 '. 684 

1448,637 

10 

0,000 

7.640 

0,000 

O '. 000 

0,000 

11 

322,939 

50,205 

. 178,970 

0,000 

0,000 

12 

0,964 

3,214 

3,336 

0.000 

285709,066 

13 

0,799 


9,970 


3877264,094 

1 

30,000 

452,699 

■ 82 :, 362 

935.061 

31,700 

2 

227174.03 

“ 36.600 

■ 33,525 

184,979 

' 461,959 

3 

5,496 

40.175 

33,317 

2593 ', 862 

8547,202 

4 

424 , 97.6 

164,663 

- 37 . 7-10 

1793 . 79 ', 4 10 

361 - 17.179 

5 

1,722 

70.777 

4.365 

17 . 9424,184 

36308,418 

6 

7-74 ,.8 5 9 

0,382 ' 

0.000 

180569 . 182 ' 

36308,417 

7 

8662,089 

0,359 

0,'"633 

■ 180765 , 4 X 0 

37310,600 

8 

26947,670 

14.141 

38,000 

181122,410 

37358,600 

9 

0 , 000 - 

43,460 

147,300 

12139',129 

2272,100 

10 

0,000 

11,460 

0,000 

0.000 

0,000 

11 

319,358 

57,601 

185,300 

O '. 000 

0,000 

12 

0,964 

3.208 

9,327 

0,000 

260430,006 

13 

0 , 8.10 


16,300 


6149538,313 
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TABLE .AP 5-2 (Sheet 8 of 25) 

PREDICTED S-IVB PROPULSION SYSTEM PEEPOEMAMCE 
COMPUTER PROGRAM AA89 


1 

40 t 000 

453,374 

82,416 

5 35 ', 790 

31,700 

2 

' 227208,75 

36.933 

• 33 ', 390 

180,800 

455,669 

2 

5 , SOI 

* 0.479 

33.146 

2489^992 

8358,833 

4 - 

424,061 

164.672 

37,730 

174943 ', 990 

39337,797 

S 

1,722 

70 , 773 ' 

4 . 364 

174693',922 

35469,363 

6 

775,039 

0,382 

0,000 

176038 . 920 - 

35489,363 

7 

8662, 616 

0,361 

0,633 

176221.127 

36480,359 

B 

26975,688 

17,740 

38,000 

176988,127 

36928,359 

9 

0,000 

47,280 

159.629 

16669.592 

3096,015 

10 

0,000 

19,280 

0,000 

0.000 

0,000 

11 

319,799 

65,020 

191,629 

0,000 

0,000 

12 

0,969 

3,204 

3,319 

o '. 000 

279069,480 

11 

0,826 


22.630 


8421448,879 

1 

50,000 

452.361 

82.385 

334,745 

31,700 

2 

226939,93 

37,364 

33,237 

176,944 

449,381 

1 

5,491 

40.891 

33,037 

2426 ', 167 

8170,372 

.A 

423.641 

164,680 

37.790 

170513,197 

34927.992 

5 

lt 72 l 

70,769 

4,363 

170373.027 

34662,992 

6 

773,210 

0.382 

0.000 

171518,029 

34662,991 

7 

8641,330 

. 0,236 

0,633 

I 7 l 696 ‘. 22 l 

39690,396 

6 

26573,197 

20,147 

38,000 

172063 , 221 . 

39698,396 

9 

0,000 

51.100 

159,999 

21190.678 

3919,644 

10 

0,000 

19,100 

0.000 

0.000 

0,000 

11 

313,332 

71,247 

197,939 

O '. 000 

0,000 

12 

0,969 

3,189 

3,306 

o'.ooo 

269710,613 

13 

0,840 


28,960 


10686980,290 

1 

60,000 

454,836 

82,935 

537.371 

31,700 

2 

227326,65 

37.889 

33.129 

173.297 

443,082 

3 

5,511 

41,409 

32,929 

2362,053 

7981,913 

4 

423,039 

1 & 4.668 

37 ', 770 

166011,609 

33717,400 

5 

1,722 

70.764 

4.362 

165829.422 

33838,436 

6 

775,939 

0,382 

0,000 

166974.420 

33838,436 

7 

8664,082 

0.370 

0,633 

167 14 6. 5 8.4 

34819,041 

6 

26634,686 

23,762 

38,000 

167515.584 

34867,041 

9. 

0,000 

54.920 

166,289 

25734,494 

4744,669 

10 

0,000 

22.920 

0,000 

0.000 

0,000 

11 

309,737 

78,681 

204,289 

0,000 

. 0,000 

12 

0,968 

3.197 

3 ., 303 

0,000 

264331,621 

13 

0,860 


35,290 


12999536,000 

V 

70,000 

454,919 

82,473 

937.392 

31,700 

2 

227509,94 

38,600 

33,012 

169.850 

436,783 

•3 

9.516 

42,123 

32.825 

2297,861 

7792,964 

4- 

423,359 

164,696 

37,790 

161506,893 

32911,406 

5 

1,722 

70.760 

4.362 

161280,836 

33014,249 

6 

776 , l 36 ' 

0,382 

0.000 

162425,834 

33014 ,, 2'44 

7 

8666,179 

0.375 

0,633 

162995,961 

33987,649 

8 

26664 . 51 $ 

27.488 

38,000 

162962=.961 

34039,649 

9 

0,000 

58.740 

172,619 

302 8 3 '.299 

5569,730 

10 

0,000 

26, '740 

0,000 

• 0.000 

0,000 

11 

306 , OU 

86.228 

210,619 

• 0.000 

0,000 

12 

0,969 

3.173 

3,273 . 

O'.OOO 

298947,609 

IS 

0,879 


41.620 


19233607,900 

1 

80,000 

452.237 

82,271 

534.928 

31,700 

2 

226953.68 

36.782 

32 ,, 900 ' 

166 V 630 - 

430,497 

3 

9,497 

40.319 

32,720 

2233', 993 

7603,934 

4' 

423,839 

164 ,'704 

37,810 

157049 , 264 ' 

32110,101 

9 

1,721 

70.795 

4,361 

156 T 92'.959 

32191,767 

6 

773,471 

0.382 

OtOOO 

157897,997 

32191,766 

7 

8641,797 

0,250 

0,633 

I 38064 ; i 066 

33197,986 

8 

26643,642 

30.033 

38,000 

158431,066 

33209|986 

9. 

0,000 

62,960 

178 ., 949 

348 u ',373 

6393,064 

10 

0,000 

30.960 

0,000 

O'.OOO 

0,000 

11 

303,466 

92,992 

216,949 

0,000 

0,000 

12 

0,968 

3.132 

3,236 

0,000 

293986,093 

13 

0,893 


47.950 


17500696,790 
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TABLE AP 5-2 (Shaet 9 of 25) 

PREDICTED S-IVB PROPULSION SYSTEM PERFORMANCE 
COMPUTER PROGRAM AA89 


1 

90 i 000 

454.178 

82,367 

536.549 

31,700 

2 

227291,90 

37,600 

32.820 

163,494 

424,210 

i 

3,514 

41,130 

32,647 

2169.899 

7419,192 

.4 

423,621 

144,712 

37,830 

152581.961 

31281,489 

5 

1,722 

70,751 

• 4,360 

152215.264 

31369,120 

6 . 

775,374 

0«382 

0,000 

153360,262 

31369,120 

7 

8633,723 

dt 3 B 2 

0,633 

153522.344 

32328,193 

8 

26676,298 

33,642 

38,000 

153889 , 344 ; 

32376,193 

9 

0,000 

66.380 

185,279 

39349 ', 279 

7216,567 

IQ 

0,000 

34,380 

0,000 

0.000 

0,000 

•11 

299,836 

100,021 

228,279 

O '. 000 

0,000 

12 

. 0,971 

3 , 166 

3,261 

0,000 

248214,496 

13 

• 0,916 


54.280 


19772268,000 

1 

100,000 

452,595 

82.280 

534 ', 879 

31,700 

2 

226367,49 

38,433 

32,740 

160'.493 

417,921 

3 

5,501 

<* 2,004 

32.573 

2109,774 

7226,253 

4 

423,589 

164.720 

37,850 

148110 '. 2 B 3 

30464,716 

5 

1,721 

70,747 

4,359 

147673.117 

30546,297 

6 

773,504 

0,382 

- 0,000 

148818.119 

30546,296 

7 

8624,994 

0.259 

0.633 

148976,166 

31498,142 

8 

26644,464 

37,414 

36,000 

149343,166 

31546,142 

9 

0,000 

70,200 

191,609 

43391', 633 

8040,249 

10 

0,000 

38,200 

0,000 

0,000 

0,000 

11 

296,084 

107,614 

229,609 

0,000 

0,000 

12 

0,970 

3.177 

• 3,276 

0,000 

242838,307 

13 

0,933 


60,610 


22045052,250 

1 

110,000 

451,794 

62,234 

534.028 

31,700 

2 

226174,30 

36,767 

32.660 

157 '. 609 

411,641 

3 

5,494 

40,359 

32,499 

2041.930 

7038,226 

'4 

423,525 . 

164,728 

37,880 

143656,582 

29643,472 

5 

1,720 

70,742 

4,358 

143151.264 

29724,561 

6 

772,364 

0.382 

0,000 

144296.264 

29724.560 

7 • 

8612,552 

0,264 

0,633 

144450 . ' 301 - 

30869,227 

8 

26627,805 

40,027 

• 38,000 

I 448 l 7 . 30 l - 

30717,227 

9 

0,000 

74.020 

197.939 

48413.678 

8862,833 

10 

0,000 

42.020 

0,000 

0.000 

' 0,000 

11 

293,471 

114,047 

235,939 

O ', 000 

- 0,000 

12 

0,969 

3.192 

3.293 

0,000 

237483,527 

13 

0,952 


66,939 


24308747,300 

1 

120,000 

453,229 

82,313 

535,542 

31,700 

2 

227248,90 

37,600 

32,580 

154 ',- 779 ‘- 

405,398 

3 

5,506 

41,234 

32.428 

1978, '013 

6849,991 

4 

424,335 

164,736 

37,910 

139152,691 

28831,412 

3 

1,722 

70 i -736 

4, .356 

138621.941 

28902,426 

6 

775,421 

0,382 

0,000 

139766,941 

28902,426 

7 

8634,770 

0,391 

0,633 

139916,959 

29839,911 

8 

26672,542 

43,739 

36,000 

140283 ', 559 ' 

29887,911 

9 

0,000 

77.840 

204,269 

52943,600 

9685,820 

10 

0,000 

45.840 

0,000 

0,000 

0,000 

11 

289,759 

121.378 

242,269 

0,000 

■ 0,000 

12 

0,966 

3,193 

• 3,305 

0,000 

232120.469 

13 

0,979 


73,269 


26578457,250 

1 

1 - 30,000 

' 452,123 

82,270 

534.393 

31,700 

2 

226627,72 

• 38,475 

- 32,500 

152 ', 244 . 

399,071 

3 

5,496 

' 42.149 

32,355 

1914.012 

6661,362 

4 

. 424,085 

164.744 

37,940 

1346 ' 35.889 

28010,441 

3 

1,721 

’ 70,730 

4,355 

134086v976 

28079,922 

6 

773,748 

■ 0,382 

0.000 

135231 ', 574 

26079,921 

•7 

8611,946 

0.271 

0,633 

133377 . 568 - 

29010,221 

8 

26657,100 . 

47,605 

38,000 

135744'.566 

29058,221 

9 

0,000 - 

81-.660 

210,599 

97478,771 

10509,179 

10 

0,000 

49,660 

0,000 

0,000 

0,000 

11 

285,892 

129,265 

248,599 

- 0.000 

0,000 

12 

0,966 

3,170 

3.281 

0,000 

226751,789 

13 

0,999 


79,599 


28851296,000 


September 1958 
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TABLE AP 5-2 (Sheet 10 of 25) 
PREDICTED S-IVB PROPULSION SYSTEM PERFORMANCE 
‘COMPUTER PROGRAM AA89 


1 

140,000 

451,947 

82,277 

S 34.224 

31,700 

2 

226400 i 4 S 

37,225 

32,433 

149;762 

392,790 

3 

5,493 

40,938 

32.294 

IB 5 o '.207 

6473,148 

•4 . 

423i793 

1 * 4*752 

37,970 

130170'.053 

27192,350 

5 

Ii 720 

70.724 

4,354 

129366.317 

1307 li ;316 

27258,024 

6 

773,189 

0.382 

0,000 

27258 , 024 - 

7 

8603*066 

0,274 

0,633 

130853.298 

28181,144 

8 

26693,594 

50,332 . 

38)000 

131220 . 297 , 

28229,144 

9 

. 0 ,.000 

85,480 

216,929 

61999,222 

11331,927 

10 

0,000 

53,480 

0,000 

0.000 

0,000 

u 

283, .165 

135,812 

254,-929 

0.000 

- 0,000 

,12 

13 

0,967 

1,023 

3,134 

3,261 

85 . 9 Z 9 

0.000 

221398,441 

31116424,750 

1 

150,000 

452.859 

62, ,297 

535.156 

31,700 

2 

226955,56 

37,126 

32,367 

147.278 

386,508 

3 

■ 5.503 

40,893 

32,238 

1706.369 

6284,610 

.4 

424.092 

164.760 

38,000 

125719.283 

26376,057 

5 

1*721 

70.717 

4,352 

125044 . 42 , 7 ' 

26436,092 

6 

774,614 

0,382 

0,000 

126189.426 

■ 26436,091 

7 

8630,236 

0.399 

0.633 

126327'.395 

27352,031 

8 

26791,769 

53,639 

38,000 

126694.395 

27400,031 

9 , 

0,000 

89,300 

223,259 

6652 l ', 30 S 

12154,710 

10 

0,000 

57,300 

0,000 

O '. 000 

0,000 

11 

279,658 

142,938 

261,258 

0.000 

0,000 

12 

13 

0,969 

1,051 

3.165 

3,265 

92,259 

■o'.ooo 

2 l 6043 i 424 

33382367,750 

1 

160,000 

452.994 

82.334 

535,327 

31,700 

2 

227110,03 

- 38,179 

32,300 

144.790 

380,224 

3 

5,302 

41,999 

32,179 

1722,419 

6095,392 

4 - 

424,249 

164,768 

38,030 

12126 l ' o 354 - 

25556,518 

5 

1,721 

70 , 7 il 

4,351 

U 05 l 3'.465 

25613,857 

6 

775,277 

0,382 

0,000 

121660 . 464 ' 

25613,857 

7 

8647 ,673 

0.401 

0.633 , 

Ul 794 '. 4 l 4 ' 

26522,614 

8 

26771,, 696 

57.639 

38 -, 000 - 

122161:, 414 

26570,614 

9 

0,000 

93.119 

229,588 

71050.466 

12977,797 

10 

11 

0 ,, O 0 D . 

275,858 

61,120 

150,758 

0,000 

267,588 

0.000 

OtOOO 

0,000 

0,000 

12 

13 

0,968 

1.078 

3,194 

3,298 

98,589 

0,000 

210681-.027 

35652225,000 

1 

■ 170,000 

451,574 

82,213 

533 . 787 - 

31,700 

2 

226512,83 

38,029 

32,233 

142'.307 

373,941 

3 

9,493 

41 , 902 - 

32.122 

1658.566 

5907,083 

4 ' 

424,350 

164,776 

38,060 

U 6797.-654 

24728,625 

S 

1,720 

70,705 

4,350 

U 5994 .. U 9 

24791,723 

6 

773,744 

0.382 

0,000 

117139,118 

24791,722 

7 

8627,659 

0,205 

0,633 

U 7269'.056 

25693,297 

8 

26760,308 

61.011 

38,000 

117636 ’. 036 

25741-.297 

9 

0.000 

96,939 

235,918 

75572,004 

13800 ,, 783 

10 ‘ 

0,000 

64.940 

0,000 

O’.OOO 

0,000 

11 

272,486 

157,930 

273,918 

0,000 

0,000 

12 

13 

0,967 

1,103 

3.171 

3,279 

104.919 

O'.OOO 

205326,332 

37920650.500 

1 

180,000 

451,419 

82,-103 

533,522 

31.700 

2 

226197.16 

37,076 

32,167 

139.826 

367,669 

3 

5,498 

40,998 

32,067 

1594,767 

5718,497 

4 

423,970 

164,784 

38,090 

112328.990 

23916,802 

5 

1,719 

70.699 

4,348 

iH 477 .'. 422 ' 

23971,041 

6 

772,832 

0,382 

0,000 

112622.421 

23971,041 

7 

6633,558 

0,288 

0,633 

112748 ’. 350 

24865,446 

'8 

26740,758 

63,876 

38,000 

113115,350 

24913,446 

'9 

0,000 

100.759 

242,248 

80088 ’, 890 

14622,305 

10 

0,000 

68,760 

0 , 000 - 

0,000 

Of.OOO 

11 

269,620 

164.635 

280,248 

0,000 

0,000 

12 

13 

0,967 

1,131 

3,164 3,272 

111,249 

September 1968 

0.000 

199977,795 

40184675,500 
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TABLE AP 5-2 (Sheet 11 of 25) 
PREDICTED S-IVB PROPIE,SION SYSTEM PERFORMANCE 
COMPUTER PROGRAM AA89 


1 

190,000 

452,828 

2 

224717,45 

37,035 

a ■ 

5y5ii 

41,015 


423».77l 

164,792- 

s 

1,720 

7o',693 

6 

774,289 

0,382 

7 

8694,607 

0,406 

8 

26787,726 

67,290 

. 9 

O,O00 ' 

104,579 

IQ 

0,000 

72,580 

11 

266,206 

171,869 

U 

0,970 

3. 170 

13 

1,169’ 

1 

200,000 

453,031 

2 

226809,59 

37’, 994 


,9,610 

4l',94B 

4 

429, •743' 

164 i 600 

3 

1,720 

70,687 

« 

774,671 

0,382 

7 

8648, :186 

0,407 

8 

26807,027 

71,358 

9 

. 0,000 

100,399 

10 

0,000' - 

76, -400 

11 

262,138 

179,757 

12 

13 

0,969 

1,198 

3U62 

i 

210,000 

451.702 

z 

226264,76 

38.457 

3 

5,900 

42,566 

4. 

423,848 

164,812 

3 

1.719 

70.680 

6 

773, 140. 

0,382 

7 

8623,326 

0.296 

8 

•26806,515 

75,266 

9 

0,000 

U2-.2i9 

10 

0,000 

50,220 

11 

258,230 

187,485 

12 

- 0,967 

3,134 

13 

1,230 


i 

220,000 

461,991 

2 

226413,89 

37,743 - 

3 

5,505 

41,923 

4 

423,926 

184,824 

3 

1,720 

■70,674 

6 

773,454 

0,382 

7 

8623,428 

0,297 

.8 - 

26843,247 ' 

78, 227 

9 

0,000 

116,039 

10 

0,000 

84,040 

11 

255,269 

194.266 

IZ 

13 

0,969 

1,268 

3.106 

1 

230,000 

450,894 

2 

225989,47 

37,029 

a 

•5., 495 

41 i 284 

4 

424,036 

164,836 

3 

1,720 

70‘.67l 

6 

771,902 

0.382 

7 

8625,231 

0.299 

8 . . 

26776,567 

81,206 

-9 

0,000 

119.839 

10 

0,000 

87,859 

11 

252,289 

201.065 

12 

13 

0,970 

i,30S 

3,154 


82,172 

535,000 

31,700 

32,100 

137', 344 

361,399 

32,011 

l?3'0‘,927 

5529,875 

38,120 

107810,585 

23094,556 

4,347 

106958,576 

23150,687 

0,000 

108103,575 

23150|687 

0,633 

108225,494 

24037', 926 

38,000 

108592,49.4 

, 24083,926 

248i578 

84607^926 

15443,495 

0,000 

0,000 

0,000 

286,577 

0,000 

0,000 

3,269 

oVooo 

194627,420 

U7,579 


42448 107-, 500 

82,212 

535',244 

31,700 

32,050 • 

134 ',656 

355,123 

3l,9?l 

1466,930 

5340,953 

38,150 

103290.835 

22264,353 

- 4,346 

102429-.425' 

22329,392 

0,000 

103574.424'- 

22329,392 

0,633 

103692,323 

23209^658 

38,000 

104059.323 

23257,658 

254i9o8 

89137.276 

16265,433 

0,000 

oyooo 

0,000 

292,907 

0,000 

0,000 

3,264 

O', 0.00 

189263,980 

123,909 


44715700,500 

82.132 

533.034 

31,700 

32,000 

132,368 

348,847 

31.932 

1402,935 

5152,291 

38,188 

90813', 109 

21464,720 

4.344 

97900'. 137' 

2 15.08', 307 

0,000 

99045', 137 

21508,307 

0,633 

99159.017 

22381,199 

38,OQO 

99526,017 

.. 22429,199 

261,238 

93666',764 

■ 17087,562 

0.000 

0.000 

0,000 

299,237 

O ', 000 

0,000 

3,240 

0 . 000 . ■ 

183904, as 

130.239 

46903405,000 

82,098 

5 34', 089 

31,700 

31.950 

l'29,,8’86 

. , 342., 377 

31,895 

1339,056' 

4963,705 

38,226 

94325',043 

20647,173 

4,342 

9338r,806 

20687',979 

OiOQO 

94526',806 

20687,97.9 

0,633 

94636,676 

. 21553,704 

38,000' 

95003,676 

21601,704 

267,568 

98185,284 

17908,727 

0,000 

0,000 

0,000 

305.566 

0,000 

0, 000 

3.205 

0,000 ’ 

178554V379 

136.569 

49246777,300 

82,056 

532,949 

31,700 

31', 900 

127 V 40'6 , 

336,310 

31.-857 

1275,189 ■ 

4775,067 

38.264 

89803V766 

19829,145 

4,341 

88867,512. 

19868,029 

0,000 

9O0l2',5ll. 

19868,029 

0.633 

90118;375 

20726, 391- 

38,000 

90485,375. 

’.20774,591 

273.897 

102699'. 765 ■ 

"18729,510 

0,000 

0,000 

0,000 

311,896 

0,000 

O', 000 

3,252 

olooo • 

' 173208,965 

142,899 

51508773,300 

1968 
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TABLE AP 3-2 (Sheet 12 of 25) 
PREDICTED- S-IVB PROPULSION SYSTEM PERFORMANCE 
COMPUTER PROGRAM AA89 


1 

240 i 000 

492,040 

82.196 

534.196 

31,700 

t 

2242 * 8,00 

36,933 

31.890 

124.929 

330,043 

a 

S , S 02 

41,264 

31.819 

1211,399 

4586,259 

i 

423,403 

164,848 

38,302 

89276,847 

18997,854 

5 

If 720 

70.667 

4.339 

64356.331 

19047,964 

6 

772»«61 

0,382 

0,000 

85501.330 

19047,964 

7 

8641(388 

0,410 

0,633 

05603.191 

19899,363 

8 

24014(712 

04,988 

36,000 

85970.191 

19947(363 

.7 

0,000 

123.679 

280,227 

107211,129 

19550,400 

10 

Of 000 

91,679 

0.000 

0.000 

0,000 

11 

248|9o7 

203.267 

318,226 

0.000 

0,000 

12 

U 

0 i 970 

1,340 

3.172 

3,270 

149,228 

0.000 

167866,553 

53768743,500 

1 

290(000 

492,398 

02.192 

934 '. 550 

31,700 

2 

224919(97 

37.767 

31. *00 

122,446 

323,769 

a 

9(904 

42 , 1*6 

31,784 

U 47.392 

4397,119 

4 

423(790 

164,860 

38,340 

eo 76 l ‘, 97 B 

18178.805 

9 

1(720 

70,663 

4,337 

79835,892 

18227,074 

6 

773,994 

0.382 

0,000 

80980;891 

18227,078 

7 

8642(209 

0,410 

0,633 

81078,740 

19071,301 

8 

26824(910 

68,688 

38,000 

81443,740 

19119,301 

7 

OiOOO 

127,499 

206,557 

111731.760 

20372,140 

io 

0(000 

99,499 

0,000 

0,000 

0.000 

11 

244,807 

216,187 

324,556 

0.000 

0,000 

12 

13 

0.970 

1.394 

3,207 

3,307 

155,958 

0.000 

162514,041 

56031469,000 

1 

240,000 

452,973 

82 . 21 ? 

935,189 

31,700 

2 

224941,77 

38,600 

31,770 

119,999 

317,492 

3 

9,510 

43 , U 7 

31,771 

1083;323 

4207.726 

4 

424 , 07 * 

164,872 

38,378 

76253.059 

17349 ', 603 

5 

1,721 

70,660 

4,336 

75300.696 

17409,815 

6 

774,871 

0,382 

0,000 

76453.695 

17409 , 81 A 

? 

8644,036 

0,410 

0,633 

76947,927 

16242,868 

8 

26830,941 

92,788 

38.000 

76914.927 

10290,668 

9 

0,000 

131.319 

292,887 

116239.193 

21194,244 

10 

0,000 

99,319 

0,000 

o-.ooo 

0,000 

11 

240,707 

224,107 

330,885 

0,000 

0,000 

12 

13 

0,971 

1(444 

3.240 

3,337 

161.888 

o'.ooo 

197154,395 

98299624,000 

1 

270,000 

451,015 

62.104 

533.119 

31,700 

2 

226138,27 

38,044 

31.740 

117.387 

311,223 

3 

5,493 

42,649 

31.756 

1019,491 

4018,402 

4 

424,179 

164,884 

38,416 

71770.622 

16933,404 

5 

1,720 

70,697 

4,334 

70796.707 

16589,446 

4 

772,909 

0,382 

0.000 

71941.786 

16589,446 

7 

8622,777 

0.302 

0.633 

72031.614 

17415,333 

8 

26798,724 

95.861 

38,000 

72398,614 

17463,333 

9 

0,000 

135,139 

299,216 

120771,246 

22015,449 

10 

0,000 

103,139 

0,000 

0#000 

0,000 

11 

237,634 

231.000 

337.215 

0.000 

0,000 

12 

13 

0,969 

1,490 

3.227 

3.330 

168,218 

o', 000 

151810,945 

60961805,000 

1 

280,000 

450.818 

82.083 

532;901 

31.700 

2 

226049,31 

37,489 

31.710 

U4;791 

304,955 

3 

9,492 

42.190 

31.744 

955,583 

3828,993 

4 

424,184 

164,896 

38,454 

67226,829 

15702,010 

9 

1.720 

70.697 

4.332 

66287;737 

15765,333 

6 

772,243 

0,382 

0,000 

67432.737 
67518', 963 

15765,333 

T 

8621,877 

0.302 

0,633 

16308,055 

8 

26798,900 

98,879 

38,000 

67805,563 

16636,095 

9 

0,000 

138,999 

305.546 

125280.477 

22036,397 

10 

0,000 

106.999 

0,000 

0.000 

0,000 

11 

234,619 

237,838 

343,945 

0,000 

0,000 

12 

11 

0,949 

1,943 

3.226 3,328 

174,548 

September 1968 

0,000 

146470,617 

62822724,000 
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TABLE AP 5-2 (Sheet 13 of 25 
PREDICTED S-IVB PROPULSION SYSTEM PERFORMANCE 
COMPUTER PROGRAM AA89 


1 

290,000 

450,621 

82,062 

532..663 

31,700 

2 

2259 <> Ui 4.7 

36.933 

31,680 

112.094 

298,688 

3 

5,491 

41,731 

31,733 

891,743 

363 . 9',489 

4 

424,193 

164,908 

38,492 

62606,982 

■ 14892,648 

5 

1,720 

70,657 

4,331 

61780,667 

14945,432 

6 

771,977 

0,382 

0,000 

62925,667 

14945,432 

t 

8620,978 

0,302 

0,633 

63007 . 493 ' 

15760,992 

a 

26799,078 

101,896 

38,000 

63374.493 

■ ‘ 15808,992 

9 

0,000 

142,778 

311,876 

129787.728 

23657,130 

lo 

0,000 

110,779 

0.000 

o ’. 000 

0,000 

U 

231,599 

244,674 

349,875 

0 , 000 - 

0,000 

12 

0,969 

3.224 

3,327 

0,000 

141132,404 

13 

1,601 


180,878 


65 Q 82755 -, S 00 

i 

300,000 

452-, 397 

02,143 

534,539 

31,700 

2 

226693,31 

36,920 

31,650 

109,374 

292,421 

3 

5,507 

41,825 

31.725 

a 27 ', 837 

3449,809 

4 

424,091 

164,920 

38,530 

58 U 2>741 

14067,657 

5 

1,721 

70,656 

4,329 

57268,996 

14125,404 

6 

774,059 

0,382 

0,000 

58413 , 996 - 

14125,404 

7 

8643,313 

0.408 

0,633 

58491.818 

- 14933,801 

8 

26835,602 

105,283 

38,000 

58858,818 

14981,801 

9 

0,000 

146,598 

318,205 

134299',582 

24477,991 

10 

0,000 

U 4.599 

0,000 

O ', 000 

0,000 

11 

228,211 

251,882 

306,204 

0,000 

0,000 

12 

0,971 

3.236 

3,331 

0.000 

135789,617 

13 

1,669 


187,208 


67344643,000 

1 

301,000 

452 ', 477 

81 ', 867 

534,344 

31,700 

2 

226510,16 

37,000 

31,695 

109 ', 087 

291,794 

3 

5,327 

41,908 

31,779 

021,429 

3430,823 

4 

423,904 

164.921 

38,535 

57655,289 

13986,471 

5 

1,721 

70,656 

4.329 

56816,575 

14043,332 

& 

773,299 

0,382 

0,000 

57961 , 574 - 

14043,331 

7 

8640.845 

0,407 

0.936 

58038.995 

14851,011 

8 

26831,647 

105,691 

38,000 

58405;995 

■' 14899,011 

9 

0,000 

146.980 

318,990 

134752,023 

24559,997 

10 

0,000 

114,981 

0,000 

o ’, 000 

> - 0,000 

11 

227,804 • 

252,671 

356,989 

0,000 

0,000 

12 

0,972 

3,234 

3,329 

0,000 

135254,006 

13 

1.675 


187,992 


67571241.000 

1 

302,000 

452,509 

81,869 

534 '. 378 

31,700 

2 

226523,76 

37,030 

31,740 

108 , 801 - 

291,167 

3 

3,527 

41,998 

31,826 

81 - 5^021 

3411,836 

4 

423,902 

164,923 

38 ’, 540 

57197,780 

13906 , 70 ? 

5 

. 1,721 

70,656 

4,329 

56364 '. 098 

13961,244 

t 

773,339 

0,382 

0,000 

57509.097 

13961,244 

7 

8640,931 

0,407 

0,936 

57586 ’, 117 

14768,206 

8 

26832,786 

106,098 

38,000 

57953 ’, 117 

14816,206 

9 

0,000 

147.362 

319,926 

135204,520 

24641,865 

lo 

0,000 

115,363 

0,000 

OiOOO 

0,000 

ii 

227,396 

253,461 

357,925 

0,000 

0,000 

12 

0.972 

3.234 

3,329 

0,000 

134718,322 

13 

1,681 


188,928 


67797754,000 

1 

303,000 

452,541 

81,871 

534,412 

31,700 

2 

226537,48 

37,160 

31.785 

108.514 

290,539 

3 

5,527 

42,088 

31,874 

808.612 

3392,847 

4 

423,901 

164,924 

38.544 

5674 l ’,684 

13826,931 

5 

1,721 

70,656 

4,328 

559 ll ’,588 

13879,154 

9 

773,379 

6,382 

OtOQO 

57056 ’ f ‘587 

13879,154 

7 

8641,119 

0.407 

0,936 

57133,206 

14685,399 

8 

26833.931 

106,505 

38.000 

57500,206 

14 ^ 33,399 

9 

0,000 

147.744 

320.862 

135657^049 

24723,736 

10 

0,000 

115,745 

0,000 

0,000 

■ 0,000 

ll 

226,939 

254,230 

35 B .861 

0 ^ 000 - 

0,000 

12 

0,972 

3,235 

3,329 

0,000 

134182,604 

13 

1,688 


189,864 


68024280,000 


September 1968 
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TABLE AP 5-2 (Sheet 14 of 25) 
PREDICTED S-IVB PROPULSION SYSTEM PERFORMANCE 
COMPUTER PROGRAM AA89 


i 

304|000 

452', S73 

61,873 

394‘,446 

31,700 

2 

226531,22 

37,240 

31,830 

100’, 227 

289,912 

3 

5iS28 

*2,178 

31,921 

SOZkZOZ 

3373,856 

4 

429,099.. 

164,926 

38,949 

56289,501 

13747,158 

5 

1.721 

70,636 

4,328 

55469'. 045 

13797,062 

,6 

773,419 

0,382 

0,000 

56604,045 

13797,062 

7 

8641,297 

0,407 

0,936 

36680'.26l 

14602,590 

8 

26839i076 

106.913 

38.000 

57047.261 

14650,590 

9 

0,000 

1*8,126 

321,798 

136109,611 

24805,609 

lo 

0,000 

116,127 

0,000 

0,000 

0,000 

11 

226,382 

255,039 

359,797 

0,000 

o.ooe 

12 

0,972 

3.235 

3.329 

0^000 

133646,850 

IS 

1.695 


190,800 


68250821,000 

1 

305,000 

452,605 

81.876 

534’.48i 

31.700 

z 

226364.96 

37.320 

31,873 

107.940 

289,284 

3 

5,528 

42,268 

31,968 

795;?92 

3354,863 

4 

423,897 

164,927 

38,554 

55837.287 

13667,382 

5 

1.721 

70.636 

4,328 

55006’, 472 

13714,968 

6 

773,439 

0,382 

0,000 

56151,472 

13714,968 

7 

8641,399 

0i407 

0,936 

56227’. 287 

14519.779 

8 

26836,222 

107,320 

38,000 

56594.287 

l4S6?i779 

9 

0,000 

148,508 

328.734 

136562.203 

24887,485 

10 

0,000 

116.309 

0,000 

0,000 

OoOOO 

U 

226,173 

255,828 

360,733 

0,000 

0,000 

12 

0,972 

3,233 

3,129 

0,000 

133111,064 

IS 

1,702 


191,736 


68477375,000 

1 

306,000 

452.637 

81,878 

534,515 

31.700 

2 

226378,73 

37,400 

31.920 

107,653 

28«i657 

3 

S,S28 

*2.339 

32.015 

789.382 

3335,868 

4 

423,896 

164,929 

38,559 

55385,042. 

13587,604 

3 

1,721 

70,656 

4,328 

54553;B67 

13632,871 

8 

773,300 

0,382 

0,000 

55698,866 

13632,071 

7 

8641,333 

0,407 

0,936 

55774,279 

14436,965 

8 

26837,369 

107,727 

38,000 

56141,279 

1*484,965 

9 

O.'OOO 

148.890 

323.670 

137014.828 

2*969,362 

10 

, 0,000 

116,891 

0,000 

0.000 

0,000 

11 

225,7.68 

256.617 

361.669 

0,000 

0,000 

IZ 

0,972 

3,235 

3.329 

0,000 

1325751244 

13 

l,709 


192,672 


68703942,000 

1 

307.000 

452i669 

81*680 

334,530 

31,700 

2 

226992,30 

37,480 

31,965 

107,366- 

288,030 

3 

5,928 

42,449 

32,063 

782,971 

3316,870 

4 

423,894 

164,930 

38,564 

54932,763 

13506,648 

9 

•1,721 

70,696 

4,328 

54101,229 

13550,773 

6 

773,340 

0,382 

0,000 

55246,228 

13550,773 

7 

8641.672 

0.407 

0,936 

53321,239 

14354,140 

8 

26838,315 

108,133 

38,000 

55688,239 

14402,149 

9 . 

0,000 

149', 272 

324,606 

137467,486 

25051,242 

10 

0,000 

117,273 

0,000 

0,000 

0,000 

11 

225,361 

257.406 

362.605 

O.OQO 

O.OQO 

12 

0,972 

3,236 

3,329 

O’. 000 

132039,387 

13 

1.716 


193,608 


68930525,000 

i 

308,000 

452,702 

81,882 

534-, 584 

31,700 

2 

226606,29 

37,560 

32.010 

107,079 

287,402 

,3 

5,529 

*2,340 

32,110 

7761559 

3297,871 

4 

- 423,093 

164,932 

38,569 

54480.452- 

13424,271 

9 

l,'72l 

70.655 

4,327 

53648.558 

13468,672 

6 

773,580 

0,382 

O.OQO 

54793’, 557 

13468.672 

7 

8641,810 ■ 

0,407 

0,936 

54868,167 

14271,331 

8 

26839,664 

108,340 

38,000 

55235^167 

143X9,331 

9 

0,000 

149,654 

325,542 

137920? 178 

25133,125 

10 

0,000 

117.695 

0,000 

o?ooo 

0,000 

11 

224,954 

258,195 

363,541 

0,000 

OgOOO 

12 

0,972 

3,236 

3,329 

0,000 

131503,498 

13 

1,723 


194,544 


69157120,000 


September 1968 
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TABLE AP 5-2 (Sheet 15 of 25) 
PREDICTED S-IVB PROPULSION SYSTEM PERFORMANCE 
COMPUTER PROGRAM AA89 


X 

309|000 

452,732 

81,896 

|S4‘.628 

23,392 

2 

226627.78 

57,640 

32,055 

106‘,792 

266,775 

3 

.9.326 

42.631 

32.157 

770.147 

3278,869- 

4 

423,898 

164,933 

38,573 

54028.109 

'.13341,891 

9 

• 1,721 

70,695 

4,327 

53195'.855 

13386,569 

6 

773.652 

0,382 

0,000 

5434 o ‘.855 

13386,569 

7 

8642.050 

0.406 

0,926 

54415,063 

14188,511 

6 

26841,010 

108,947 

38,000 

54782", 063 

.14236,511 

9 

0,000 

150.036 

326,675 

138372.898 

25215,012 

io ■ 

0,000 

118,037 

0,000 

O'. 000 

0,000 

u 

224,548 

258.983 

364,474 

o'. 000 

0,000 

12 

0,972 

3.236 

3, -329 

0.000 

130967,573 

13 

•1.730 


195,477 


69383731,000, 

1 

310,000 

407.503 

00,434 

487,937 

3,326 

2 

208586,09 

37', 720 

32,100 

106^512 

266,149 

3 

9,066 

42,635 

32,152 

763,888 

3259,946 

4 

427,466 

164,935 

38,578 

53586.555 

13259,746 

5 

1,698 

70,695 

4,327 

52753.948 

13304,699 

6 

7,21.910 

0,382 

0,000 

53898.947 

13304,699 

7 

8236,106 

0,406 

0 , 9 qo 

53972,763 

14105,926 

8 • 

26289,096 

109,393 

38,000 

54339;?63 

14153,926 

9 

0,000 

I90,4l8 

327,387 

138814. 81'6 

25296,684 

10 

0,000 

116.419 

0,000 

0,000 

0,000 

11 

224|141 ‘ 

259,772 

363,386 

0,000 

• 0,000 

12 . 

0,909 

2,945 

3,241 

O'. 000 

1304^2,668 

13' 

1,999 


196,390 


69606104,000 

1 

320,000 

332,879 

75,433 

408'.312 

«28,500 

2 

175953,07 

38,520 

32,171 

• 104',366 

280,347 

3 

4,413 

43,078 

32.181 

716,008 

3084,479 

4 

430,928 

164,950 

38.627 

50211,110 

124.98,040 

5 

•1„648 

70,654 

4,325 

49372.972 

12545,543 

6 

627,183 

0.382 

0,000 

50517.971 

12545,548 

7 

7565,5.03 

0,405 

0,865 

5oS 88,787 

13340,143 

•8 

24402,916 

113,410 

38,000 

50955,787 

13388,143 

9 

0,000 

154,238 

336,063 

148 194', 973 

26053,791 

io 

0,000 

122,239 

0,000 

O', 000 

0,000 

11 

220,084 

267.649 

374,062 

• O'.'OQO; 

• 0,000 

12 

■0,838 

2,464 

2,939 

0,000 

126292,929 

13 

1,393 


205 ‘,066 


71387822-, 000 

1 

330,000 

331', 129 

75,332 

406,461 

-28,500 

2 

175215,99 

38,543 

32,243 

102.136 

274,572 

3 

4,396 

43,158 

32.263 

669,051 

2909,653 

4 

431,078 

164,965 

38,675 

46923,726 

11754,406 

5 

1,647 

70,654 

4,323 

46058', 025 

11769,979 

'ft 

625,070 

0,382 

0,000 

47203', 025 

11789,978 

7 

7543, 106 

0,297 

0,865 

47270,898. 

12577,973 

8 

24379,724 

116.545 

38,000 

47637', 898; 

12625,973 

9 

0,000 

158,038 

344,713 

145509,041 

■ 26807,311 

lo 

0 , 000 ' 

126,059 

0,000 

o’.ooo 

0,000 

11 

216,948 

274,604 

382,712 

0,000 

0,000 

12 

0,836 

2,453 

2,932 

0,000 

12221'2,87l 

13 

1,434 


213,716 


73141108,000 

1 

340,000 

331,108 

75,320 

406,428 

-28 , 5Q0 

2 

176199,89 

38,480 

32.314 

99,912 

. 268 , 800 

3 

4,396 

43,166 . 

32,346 

622,112 

2734,716 

ft 

431,072 

164,980 

38,723 

43639.', 157 

10995,276 

5 

1,647 

70,656 

4,321 

42745j'920 

11034,657 

ft' 

629,016 

0,382 

• 0,000 

43890.920 

11034,657 

7 

7542', 940 

0,295 

0,865 

439SS',854 

U816,053 

8 

24380,341 

119,503 

38,000 

44322,854 

. 11864,053 

9 

0,000 

161,078 

353,363 

148820,266- 

27560 , 581 

lo 

0,000 

129,879 

0,000 

O'. 000 

0,000 

11 

213,991 

281,381 

391,362 

0.000 

0,000 

12 

0,837 

2,452 

- 2, ,931 

■O', 000 

118135,907 

.13 

1,483 


222,366 


74893149,000 
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TABLE AP 5-2 (Sheet 16 of 25) 
PREDICTED S-IVB PROPULSION SYSTEM PERFORMANCE 
COMPUTER PROGRAM AA89 


1 

390 , OOP 

331,084 

78,309 

406‘,393 

« 28,600 

2 

176183,08 

38.440 

32.386 

97,568 

263,028 

3 

4,396 

43.193 

38.431 

575.194 

2559,618 

4 

431,068 

165,009 

38,772 

40354 ;, B 06 

10254,447 

5 

1.647 

70,696 

4,319 

39434,039 

10279,447 

t , 

624,960 

0.332 

0,000 

40579,039 

10279,447 

7 

7542,828 

0.293 

0,665 

40641.030 

11054.246 

8 

24384,890 

122,443 

38.000 

4 1008 '. 030 

11102.246 

9 

0,000 

169,697 

362,013 

192131',270 

28313,738 

10 

0,000 

133,699 

0.000 

0.000 

0,000 

11 

211,090 

288,141 

400.012 

0.000 

0,000 

12 

0,837 

2,452 

2.930 

OtOOO 

114099,273 

13 

1,536 


231.016 


76645019,000 

i 

360,000 

331,061 

75.298 

406 '. 399 

• 28,500 

2 

179166,81 

38,400 

32,497 

95,190 

297,257 

3 

4,397 

43.227 

32.916 

528,280 

2364,284 

4 

431,064 

165,030 

38,820 

37059.762 

9499,330 

3 

1.647 

70.657 

4,317 

36122,382 

9524,390 

6 

624,904 

0.382 

0,000 

37267,382 

9524,349 

7 

7542,721 

0.291 

0,865 

37326,438 

10292,552 

8 

24389,461 

125.366 

38.000 

37693; 438 

10340,552 

9 

0,000 

169,317 

370,663 

155442,043 

29066,782 

10 

0,000 

157 '. 5 19 

0.000 

0,000 

0,000 

11 

208,127 

294,884 

408,662 

o;ooo 

0,000 

12 

0,837 

2.492 

2,929 

0,000 

109962,990 

13 

1,593 


239.666 


78396731,000 

i 

370,000 

331.031 

75.280 

406 ; 31 l 

• 28,900 

2 

175142,97 

36.365 

32,929 

92‘,604 

231,487 

3 

4,397 

43,260 

32.603 

481,376 

2209,290 

4 

431,057 

165.060 

38,890 

33746.709 

0762,013 

5 

1 , 64-7 

70.636 

4.314 

32810.987 

8769,396 

6 

624,822 

0.382 

0.000 

33955;987 

8769,396 

7 

7542,522 

0.290 

0,869 

34012 ; i 04 

9531,004 

8 

24396,092 

128,272 

38,000 

34379.104 

9579,004 

9 

0,000 

173,337 

379,313 

198752,557 

29819,681 

10 

0,000 

141.338 

0,000 

O '. 000 

0,000 

U 

205,221 

301.610 

417.311 

o '. 000 

0,000 

12 

0,838 

2.452 

2,927 

o‘.ooo 

105907,107 

13 

1,654 


248,315 


80148242,000 

1 

380,000 

331.001 

75,262 

406.263 

• 28,900 

2 

179119,35 

38,330 

32.600 

90) 118 

245 , 71-8 

3 

4,398 

43.295 

32.691 

434,479 

2034,076 

4 

431,049 

165,090 

38,960 

30405 ', 240 

8000,710 

9 

1.647 

70.696 

4,311 

29499.903 

8014,619 

4 

624,741 

0.382 

O.OOO 

306A4j,903 

8014,619 

7 

7842,325 

0.288 

0.865 

30698,082 

8769 , 633 

8 

24402,733 

131.161 

38,000 

31065^082 

8817,633 

9 

0,000 

177,157 

387,962 

162062',758 

30572,402 

10 

0,000 

145,158 

0 ; 0 Q 0 

O '. 000 

0,000 

11 

202,332 

308.318 

429,961 

0,000 

0,000 

u 

0,838 

2.492 

2.926 

0.000 

101831,715 

13 

1,720 


256,969 


81899520,000 

1 

390,000 

330.960 

75,243 

406 ', 203 

" 28,300 

2 

179090,70 

38,319 

32,690 

87.380 

239,991 

3 

4,399 

43.342 

32,759 

387,594 

1858,610 

4 

431,042 

165 U 39 

39,030 

27041,906 

7260,293 

5 

1,647 

70.692 

4,309 

26189.168 

7260,026 

6 

624,644 

0,382 

0,000 

27334 ', 167 

7260,025 

7 

7542,175 

0,286 

0,865 

27384,409 

8008,447 

8 

24409,120 

134,030 

38,000 

2775 r ,409 

8056,447 

9 

0,000 

180.977 

396,612 

i 6 S 372 ; 6 ll 

31324,938 

10 

0,000 

148,978 

0,000 

O '. 000 

0,000 

11 

199,463 

319,007 

434,611 

O '. 000 

0,000 

12 

0,839 

2,492 

2,924 

0,000 

97756,855 

19 

1,791 


265,615 


83650535,000 
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TABLE AP 5-2 (Sheet 17 of 25) 
PREDICTED S-IVB PROPULSION SYSTEM PERFORMANCE 
COMPUTER PROGRAM AA89 


1 

40O«00D 

330*920 

75, 

224 

406-.144 

«28,500 

2 

l7S042t20 

38,300 

32, 

700 

84i579 

234,186 


4,399 

43,390 

32, 

828 

340,710 

1682,953 

4' 

431i039 

165,180 

39, 

.100 

23705, -647 

6519,461 

9 

It <^47 

70,650 

4, 

306 

22878,840 

6505,625 

6 ' 


0,382 

. .0, 

000 

24023', 840 

6505,625 

.7 

7542i026 

0,204 

0, 

865 

24071,143 

7.247, <,57 

8. 

34415,514 

136,878 

38, 

000 

24438,143 

7295,457 

9 

OiOOO 

184,797 

405, 

262 

168682',059 

32077,278 

10 ' 

OiQOO 

152',.?9S 

0, 

000 

0,000 

0,000 

n 

196,615 

321.675 

443, 

261 

0.000 

0,000 

12 

0,839 . 

2‘,451 

2 1 

922 

0.000 

93602,600 

13 

• I.S69 


274, 

265 


85401264,000 

i 

410,000 

330,865 

?s, 

199 

406,064. 

«28,500 

2 

175024,64 

38,295 

32, 

750 

ai.',494 

228,442 

3 

4.400 

43.431 

32. 

899 

293.836 

, 1507,363 

4 

431,027 

165,234 

39, 

185 

20383',425 

5790,001 

3 

1,647 

70,64'6 

■4 , 

303 

19568‘,979 

5751,440 

6 

624,421 . 

0.382 

0. 

000 

207l3i979 

57.51,440 

7 

7541,81? 

•0.282 

0, 

665 

2075 8 ‘,346 

6486,683 

. 8 

24423,148 

139,704 

38, 

000 

2U25',346, 

6534,683 

9 

0,000 

188,617 

413, 

912 

I7l99r.038 

32829,402 

10 

0,000 

156,618 

0, 

000 

0,000 

' 0,000 

11 

193,789 

328,321 

451, 

911 

0,000 

■^0,000 

12 

0,839 

2.451 

2. 

920 

o', 000 

896,09,020 

l*. 

1,953 


282, 

915 


67151668,000 

1 

420,000 

330.796 

75. 

175 

405', 971 

»28,500 

2 

174981,45 

38,290 

32, 

8p0 

78', 261 

222,7-15 

3 

4,400 

43,464 

32, 

973 

246,972 

1331,587 

4 

431,020 

165,298 

39, 

270 

17022.583 

5038,799 

3 

1,647 

70,640 

4. 

300 

16259,711 

4997,497 

6 

624,279 

■0,382 

Oi 

000 

17404;711 

4997,49.7 

7 

7541.606 

6*279 

0, 

865 

17446,140 

5726,154 

8 

24430,506 

142,309 

38, 

000 

178 13. 140 

5774,154 

9 

0,000 

192,436 

422. 

562 

175299,422 

33581,262 

10 ■ 

0,000 

160,438 

6 , 

000 

0,000 

0,000 

11 

190,983 

334,946 

460, 

561 

-O', 000 

0,000 

12 

0,840 

. 2.4SI 

2 . 

91'8 

0.000 

85336,294 

13 

2,046 


291, 

S64 


889016.79,000 

1 

430,000 

330,702 

75, 

142 

405.844 

-28,500 

2 

174923,22 

38,297 

32, 

833 

74,763 

216,948 

3 

4,401 

43,489 

.33, 

031 

200; 121 

1155,794 

4. 

431,011 

165.381 

39, 

375 

13671,231 

4303,837 

5 

1,647 

70,631 

4, 

297 

12951,244 

4243,837 

6 

624,088 

0*382 

0, 

000 

14096.244 

4243,837 

7 

7541,326 

0.277 

'0, 

865 

14134,737 

4965,910 

8 

24439,375 

145,292 

38, 

000 

l45oi;737 

5013,910 

9 

0,000 

196,256 

431. 

212 

178607.004' 

34332,875 

10 

0,000 

164.257 

0, 

000 

0,000 

0,000 

11 

188,200 

341,550 

,469 , 

210 

0.000 

0,000 

12 

0,841 

Zi4S0 

2 . 

915 

0,000 

8l<,64,647 

13 

2,147 


300, 

214 


90631189,000 

1 

440,000 

330*565 

75. 

107 

405,672 

»28,500 

2 

174847,50 

38,305. 

32, 

867 

70', 775 

210,693 

3 

4,401 

43.470 

33, 

090 

V53'.'284 

' 979,778 

4 

431,007 

165,488 

39, 

480 

10268,407 

3534,437 

5 

1,647 

70’, 617 

4, 

293 

9643', 931 

3490,512 

6 

'623iB46- 

0,382 

■0. 

000 

10788', 931 

3490,512 

7 

7541,024' 

0,275 

0. 

865 

10024,490 

4206,003 

8' 

24447,401 

148,054 

38, 

000 

11191,490 

4254,005 

9^ 

0,000 

200,076 

439, 

861 

181913.432- 

35084,131 

VO ■ 

' 0,000 

168,077 

0. 

000 

O', 000 

- 0,000 

U 

185,438 

348,131 

477, 

860 

0,000 

• 0,000 

12 

0,841 

2,449 

2. 

912 

0,000 

77394,494 

13 

2,259 


308, 

864 


92400031,000 
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TABLE AP 5-2 (Sheet 18 of 25) 
PREDICTED S-IVB PROPULSION SYSTEM PERPORMANCE 
COMPUTER PROGRAM AA89 


1 

450,000 

330,351 

75.055 

405,406 

e 2 fl »500 

z 

174730,44 

38.312 

32,900 

66,207 

203,714 

s 

4,401 

43,390 

33,146 

106,464 

809 f 90 l 


431,001 

165,640 

39,630 

6737,132 

2796,208 

5 

1,446 

70,596 

4,287 

6338.303 

2737,615 

6 

623,474 

0.382 

0,000 

7483,303 

2737,615 

J 

7340,500 

0,273 

0,863 

73 l 5 i 928 

3446,530 

9 

24458,472 

150,795 

38,000 

7882,928 

3494,530 

9 

0,000 

203,896 

448.511 

185218', 174 

35834,956 

10 

0,000 

171 . 897 - 

0,000 

0.000 

0,000 

U 

182,697 

35 a , 692 

486,510 

O '. 000 

0,000 

u 

0,842 

2,448 

2 , 9 o 8 

o '. 000 

73326,457 

13 

2,383 


317,514 


94147940,000 

1 

451,000 

330.327 

75,049 

405,376 

« 28,500 

Z 

174717,24 

38,313 

32.903 

65'.724 

202,980 

3 

4,401 

43,379 

39,132 

101,783 

706,310 

4 

431,001 

165,656 

39,647 

6377>481 

2719,239 

5 

1,646 

70.593 

4,287 

6007,867 

2662,354 

6 

623,432 

0,382 

0,000 

7152 ’. 867 

2662,354 

7 

7540,435 

0,273 

0.865 

7185 ’, 199 

3370,612 

B 

24439,733 

151,068 

38,000 

7552,199 

3416,612 

9 

0,000 

204.278 

449,376 

185548,521 

35910,009 

10 

0,000 

172,279 

0,000 

0.000 

0,000 

11 

182,424 

355 ’, 3 A 7 

487,375 

0.000 

0,000 

12 

0,842 

2.448 

2,907 

0.000 

72919,811 

13 

2,396 


318,379 


94322663 V 000 

1 

452,000 

330,303 

75.043 

405 '. 346 

* 28,500 

2 

174704,03 

38,314 

32,907 

65,240 

202,247 

3 

4,402 

43.368 

33,157 

97‘.102 

768,715 

4 

431,000 

165,672 

39,664 

6017,856 

2642,276 

5 

1,646 

70,591 

4,286 

5677'.455 

2587,099 

6 

. 623,390 

0.382 

0,000 

6822,455 

2587,099 

7 

7540,370 

0.273 

0.865 

6854.493 

3294,700 

8 

24460,992 

151,341 

38,000 

7221 ’, 493 

3342,700 

9 

0,000 

204,660 

450.241 

18587 B ',844 

35985,056 

10 

0,000 

172,661 

0,000 

O ', 000 

0,000 

11 

182,151 

356,002 

688,240 

0,000 

0,000 

12 

0,842 

2,448 

2.907 

OiOOO 

72513,192 

13 

2,409 


319,244 


94497372,000 

1 

453,000 

330.279 

75,037 

405 '. 316 

.- 28,500 

Z 

174690,79 

38,315 

32,910 

64 ', 73 ? 

201,490 

a 

4,402 

43,356 

33,163 

92 ’, 420 

751,116 

4 

430,999 

165.689 

39,681 

5662 -. 067 

2565,819 

9 

1,646 

70,589 

4,285 

5347 ', 067 

2511,851 

6 

623,347 

0,382 

0.000 

6492 ‘, 06 ? 

2511,851 

7 

7540,904 

0 , 272 . 

0,865 

6523^812 

3218,794 

8 

24462,250 

151,613 

36.000 

6890,812 

3266,794 

9 

0,000 

205,042 

451.106 

186209,145 

36060,097 

10 

0,000 

173,043 

0,000 

0.000 

0,000 

11 

181,879 

356,656 

489,105 

0,000 

0,000 

U 

0,842 

2,447 

2,906 

O '. 000 

72106,605 

13 

2.423 


320,109 


94672068,000 

i 

454.000 

330.233 

75,031 

405,284 

* 28,500 

2 

174676,94 

38,315 

32.913 

64,237 

200,686 

1 

4 , 40 Z 

* 3,341 

33,168 

8?;739 

733,514 

4 

430,999 

165,705 

39,698 

1331,703 

2488,369 

3 

1,646 

70,586 

4,285 

5016 . 7 O 3 

2436,608 

6 

623,304 

0,382 

0,000 

6161.703 

2436,608 

7 

7540,232 

0,272 

0,865 

6193 '. 155 

3142,893 

8 

24463,480 

151,885 

38,000 

6560 ; i 55 

3190,893 

9 

0,000 

205,424 

4 M .971 

186539,420 

36135,132 

10 

0,000 

173,425 

0.000 

0,000 

0,000 

11 

181,606 

357.310 

489,970 

0,000 

0,000 

12 

0,642 

2,447 

2,906 

0,000 

71700,048 

13 

2,436 


320,974 


94646752,000 
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TABLE AP 5-2 (Sheet 19 of 25) 
PREDICTED S-IVB PROPULSION SYSTEM PERFORMANCE 
■COMPUTER PROGRAM AA89 


1 

459,000 

330,224 

75,025 

405.248 

- 28,500 

2 

174661 , 64 - 

38,316 

32,917 

63,629 

199,982 

3 

4,402 

43i3l7 

39 , 17.3 

83.056 

715,908 

4 - 

430,999 

i 65 -, ,721 

39,715 

5001,365 

2411,424 

9 

1,646 

70,584 

4,284 

4686,365 

236 U 371 

6 

. 623,255 

0.382 

0,000 

5831,365 

2361,371 

7 

7940,146 

0.272 

0,869 

9862.524 

3066,999 

a 

24464,645 ' 

192 U 57 

38,000 

6229 . 524 - 

3114,999 

9 

0,000 

205,806 

452,836 

186869.668 

36210,162 

10 

0,000 

173,807 

0,000 

O ', 000 

0,000 

iV 

181,334 

357,964 

490 , 8|5 

0,000 

OiOOO 

12 

0.842 

2,447 

2 . 90 S 

0.000 

71293,522 

13 

2,450 

. 

321,839 


95021421,000 

1 

456,000 

330.194 

79,019 

405,213 

1 . 28,900 

2 

174646 ', 30 

38 , 3 i 7 

32,920 

' 63/020 

199,077 

3 

4,401 

43,292 

33,178 

78,376 

698,298 

4 

430,999 

165.737 

39,732 

46 - 71,056 

2334,485 

5 - 

1,646 

7o,SBl 

4,283 

4396 , 056 . 

2286,140 

6 

623,207 

0,382 

0,000 

5501*056 

2286,140 

f 

7540,060 

0.,272 

0,865 

553 i ;922 

2991,111 

S 

24465,608 

152,429 

38,000 

5698,922 

3039,111 

9 

0,000 

206*188 

■ 459,701 

187199,889 

36285.185 

10 

0,000 

174.189 

0,000 

o '. 000 

0,000 

u 

181,063 

358.618 

49 l . i 700 

0.000 

0,000 

12 

0,842 

' 2,447 

2,905 

O ', 000 

70887,032 

1 ? 

2,464 


322,704 


95196075,000 

1 

457,000 

330.165 

79,012 

405 il 77 

- 28,500 

i ■ 

174630,92 

38,318 

32,923 

62,412 

198,273 

'9' 

4,401 

43.266 

33,184 

73 V 695 

680,684 

4 

430,999 

165,754 

39,749 

4340,777 

2257,553 

■5 

1,646 

70.579 

4,283 

4025‘.777 

2210,915 

6 

623,159 

• 0.382 ■ 

0,000 

9170.777 

2210,913 

7 

7939,973 

0.271 

0,865 

520 l ',349 

2915,229 

S 

24466,969 

152,701 

38,000 

5568,349 

2963,229 

9 

0,000 

206,370 

454,566 

187530', 078 

36360,202 

10 

0,000 

174,571 

- 0.000 

o ', 000 

0,000 

11 

180,791 

359,271 

492,569 

0.000 

0,000 

12 

0,843 

2.447 

2,9q4 

■ 0.000 

70480,378 

13 

2,478 


323,569 


‘ 95370713,000 

1 ' 

458,000 

330.135 

75.006 

405,142 

- 28,500 

2 

174615.49 

36.318 

32,927 

61,804 

197,469 

3 

4,401 

63,243 

33,189 

■ 69 ., 014 - 

663 ', 067 

4 

430,999 

165,770 

39,766 

3998.366 

2180,806 

. 9 

1,646 

70,577 

4,282 

5695,527 

2135,696 

6 

623,111 

' 0.302 

. 0,000 

•48 40 ’. 526 

2135,696 

7 

7539 , 685 - 

0,271 

0.869 

4870.806 

2839,333 

8 

24463,128 

152.972 

38.000 

5237.806 

2887,353 

9 

0,000 

206,992 

459.431 

l 87860‘.240 

36435,213 

10 - 

0,000 

1 . 74,953 

0,000 

O'. 000 

0,000 

U 

180,920 

359,925 

493.430 

0.000 

0,000 

iz 

0,843 

2,446 

2.904 

. 0.000 

70074,159 

13 

2,492 


324,434 ' 


95545337,000 

1 

459,000 

330,106 

79,000 

405.106 

- 28,500 

2 

174600,01 

38,319 

32,930 

61.196 

196,656 

3 

4,401 

^ 3,217 

33,194 

64.333 

645,446 

4 

430,998 

165.786 

39,783 

3647,653 

2108 , 323 . 

5 

1,646 

70.974 

4,282 

3365.306 

2060,484 

6 

623,062 

0.382 

0,000 

4510.306 

2060,484 

7 

7539r797 

0,271 

0,865 

4540,292 

2763,464 

.8 

24469,285 

153.243 

38,000 

4907.292 

2811,484 

9 

■ 0,000 

207.334 

456,296 

188190,371 

36510,217 

10 

. 0,000 

175,335 

0,000 

0.000 

0,000 

H 

180,249 

360,578 

494>295 

0.000 

0,000 

12 

0,843 

2,446 

2,903 

0‘.000 

69667,775 

13 

2,506 


325,299 


95719944,000 
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TABLE AP 5-2 {Sheet 20 of 25) 
PREDICTED S-IVB PROPULSION SYSTEM PERFORMANCE 
CO>IPUTER PROGRAM AA89 


1 

460.000 

330,076 

74,994 

405.070 

-28,500 

2 

174584,48 

38,320 

32.933 

60.588 

195,771 

3 

4,401 

43,192 

33,199 

59.633 

627,821 

4 

430,998 

165,803 

39,800 

3296', 972 

2035,850 

5 

1,646 

70,572 

4,281 

3035,115 

1985,277 

6 

623,013 

0.382 

0,000 

41B0.115 

1983,277 

7 

7339,709 

0,271 

0,863 

4209,808 

2687,620 

» 

24470,438 

153,514 

38,000 

4576.808 

2735,620 

9 

0,000 

207,716 

457,161 

108520,475 

36585,216 

).o 

0,000 

175.717 

0.000 

0,000 

0,000 

U 

179,978 

361,231 

499,160 

0,000 

0,000 

12 

0,843 

2,446 

2.903 

0,000 

69261,428 

13 

2»52l 


326,164 


95894537,000 

1 

461,000 

330,045 

74,985 

AOS', 030 

-28,500 

2 

174566,80 

38,321 

32,937 

39'. 979 

194,885 

3 

4,401 

43,166 

33,204 

34.972 

610,246 

4 

430,997 

165,819 

39,825 

2946,322 

1963,382 

9 

1,646 

70,570 

4,280 

2704.954 

1910,078 

6 

622,956 

0,382 

0,000 

3049',.9S4 

1910,078 

7 

7339,581 

0,271 

0,865 

3079,334 

2611,764 

S 

24472,387 

153,785 

38,000 

4246,354 

2659,764 

9 

0,000 

208.098 

458,026 

188850,547 

36660,207 

IC 

0,000 

176,099 

0,000 

0.000 

0,000 

11 

179,707 

361,883 

496,025 

0.000 

0,000 

12 

0,843 

2,446 

2,9q2 

0.000 

68853,118 

13 

2,535 


327,029 


96069112,000 

1 

462,000 

330.013 

74,977 

404.990 

-28,500 

2 

174548,79 

38.321 

32,940 

59.355 

193,999 

3 

4,402 

43,138 

33,209 

50.291 

592,663 

4 

430,996 

165,835 

39,850 

2595-.706 

1890,922 

S 

1,646 

70.567 

4,279 

2374,824 

1834,838 

6 

622,899 

0.382 

0,000 

3519,624 

1834,888 

7 

7539,450 

0.270 

0,865 

3548',931 

2535,917 

8 

24474,321 

154,035 

38,000 

3915.931 

2583,917 

9 

0,000 

208.480 

458,891 

189160,586' 

36735,189 

10 

0,000 

176.431 

0,000 

0.000 

0,000 

11 

179, 436' 

362,536 

496,890 

O'. 000 

0,000 

12 

0,843 

2.446 

2,901 

o’. 000 

68448,848 

13 

2,550 


327,094 


96243670,000 

i 

463,000 

329,973 

74,968 

404,940 

-28,500 

2 

174527,21 

38,322 

32,943 

58,521 

193-,114 

3 

4,402 

43,087 

33,213 

45,611 

575,077 

4 

430,995 

165,851 

39,875 

2245; 125 

1816,470 

3 

1,646 

70.565 

4.270 

2044'. 727 

1759,706 

6 

622,831 

0.382 

0,000 

3189,727 

1759,706 

7 

7539,283 

0.270 

0,865 

321B',542 

2460,078 

S 

24476,091 

154.325 

38.000 

3585.542 

2508,078 

9 

0,000 

208,862 

459,756 

189510.594 

36810,163 

10 

O.OOO' 

176,863 

0,000 

0.000 

0,000 

11 

179,166 

363,188 

497,755 

0.000 

0,000 

12 

0,843 

2.445 

2. 900 

0.000 

68042-.619 

13 

2,565 


328,759 


96418209,000 

1 

464,000 

329,932 

74,959 

404,890 

-28,500 

2 

174505,54 

38.323 

32,947 

37’, 687 

192,228 

3 

4,402 

43,036 

33.210 

40'.931 

557,483 

4 

430,995 

165.868 

39.900 

1894'.586 

1746,027 

3 

1,646 

70.563 

4,277 

1714.671 

1684,532 

t > 

622,762 

0,382 

0,000 

2859,671 

1684,532 

7 

7539,115 

0,270 

0,865 

2888,192 

2384,248 

8 

24477,859 

154,595 

38,000 

3255.192 

2432-,24B 

9 

0,000 

209,244 

460,621 

189840.563 

36885,128 

10 

0,000 

177,245 

0,000 

O', 000 

0,000 

11 

176,696 

363,840 

498,620 

0.000 

0,000 

12 

0,843 

2,445 

2.900 

0.000 

67636,439 

13 

2,580 


329,624 


96592720,000 
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TABLE AP 5-2 (Sheet 21 of 25) 
PREDICTED S-IVB PROPULSION SYSTEM PERFORMANCE 
COMPUTER PROGRAM AA89 


1 

465,000 

329,891 

74,949 

404, 840 

« 28 , 500 

2 

174483.77 

38,324 

32,950 

56'.853 

- 191,300 

3 

4 ',402 

42,985 

33,223 

36,251 

539,884 

4 

430,994 

165,884 

39,925 

1544.091 

1672,368 

5 

1,644 

70.560 

4,276 

1384,654 

1609,368 

6 

622,694 

0,382 

0,000 

2529,654 

1609,368 

7 

7538,946 

0 t 2?0 

0,865 

2557,883 

2308.427 

$ 

24479,622 

154,865 

38,000 

2924,883 

2356,427 

9 

0,000 

209,626 

461.486 

190170.488 

36960,084 

10 

0,000 

177,627 

0,000 

0,000 

0,000 

11 

178,626 

364,492 

499,485 

0,000 

0,000 

12 

12 

0,843 

2,595 

2,445 

2,899 

330,489 

0.000 

67230,310 

96767225,000 

i 

466,000 

329,850 

74,940 

404,790 

- 28,500 

2 

174461,90 

38,324 

32,953 

56,019 

190,320 

3 

4,401 

42,933 

33,227 

31.572 

322,270 

4 

430,994 

165,900 

39,950 

1193,639 

1597,213 

5 

1,646 

70.558 

4,275 

1034,679 

1534,213 

6 

622,625 

0.382 

0,000 

2199,679 

1534,213 

7 

7538,776 

0.269 

0,865 

2227,615 

2232,616 

B 

24481,380 

I 55',135 

38,000 

2594 '. 6 l 5 

2280,616 

9 

0,000 

210,008 

462,351 

190500,375 

37035,031 

10 

0,000 ■ 

178,009 

0,000 

0.000 

0,000 

11 

178,357 

365,144 

500,350 

0.000 

0,000 

12 

13 

0,844 

2.611 

2,445 

2,898 

331,354 

0,000 

66824,230 

96941700,000 

1 

467,000 

329,808 

74,931 

404 ', 739 

- 28,500 

2 

174439,93 

38,325 

32,957 

55,186 

189,340 

3 

4,401 

42,880 

33,231 

26.892 

504,666 

4 

430,993 

165,916 

39,975 

843’, 231 

1522,067 

5 

. 1,646 

70.555 

4,274 

724,745 

1459,067 

6 

622,555 

0,382 

0,000 

1869,745 

1459,067 

7 - 

7538,605 

0,269 

0,865 

1897,389 

2156,813 

S 

24483 , 1-33 

155,404 

38,000 

2264.389 

2204,813 

■ 9 
10 

0,000 

0,000 

210.390 

178.391 

463,216 

0,000 

190830‘.219 

0.000 

37109,968 

0,000 

11 

178,087 

365,795 

501,215 

O '. 000 

0,000 

12 

13 

. 0,844 

2,626 

2,444 

2,897 

332,219 

0,000 

66418,201 

97116153,000 

1 

468,000 

329,766 

74,922 

404,686 

•’ 28,300 

2 

174417,52 

38.326 

32,960 

54,333 

188,360 

3 

4,401 

42,824 

33,236 

22.213 

487,047 

4 

430,993 

165.932 

40,000 

492,867 

1446,930 

5 

1,646 

70.553 

4,273 

394.853 

1383,930 

1383,930 

9 

622,485 

0,382 

0,000 

1539,853 

7 

7538,430 

0,269 

0,865 

1567,204 

. 2081,019 

8 

24484,868 

155,673 

38,000 

1934,204 

2129,019 

9 

0,000 

210 . 772 , 

464,081 

191160.023 

37184,897 

10 

0,000 

178.773 

0,000 

0,000 

0,000 

11 

177,818 

366,446 

502,080 

0.000 

0,000 

12 

0,844 

2.444 

2,897 

0.000 

66012,223 

13 

2,642 


333,084 

97290584,000 

1 

469,000 

329,712 

74,912 

404 '. 623 ' 

- 28,500 

2 

174390,68 

38,327 

32,963 

53.232 

187,380 

3 

4,401 

42,741 

33,240 

17,534 

469,423 

4 

430,994 

165,949 

40,025 

142,549 

1371,281 

5 

1,646 

70,551 

4,272 

65,005 

1308,801 

6 

622,402 

0,382 

0,000 

1210’.005 

1308,801 

7 

7538,210 

0,269 

0,865 

1237,062 

2005,235 

8 

24486,400 

155,942 

38,000 

1604 '. 062 

2053,235 

9 

0,000 

2 U .154 

464,946 

191489“,781 

37259.016 

10 

0,000 

179.155 

0,000 

O ', 000 

0,000 

11 

177,549 

367.097 

502,945 

0.000 

0,000 

12 

0,844 

2,444 

2,896 

0,000 

65606,297 

13 

2,658 

September 

333,949 

1968 

97464992,000 
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TABLE, AP 5-2 (Sheet 22 of 25) 
PREDICTED S-IVB PROPULSION SYSTEM PERFORMANCE 
COMPUTER PROGRAM AA89 


i 

470,000 

329,652 

74,902 

404,554 

- 28,500 

2 

174360,99 

38.327 

32.967 

51 ’,977 

186,362 

3 

4,401 

42, '640 

33,244 

12.856 

451,787 

4 

430,995 

165,965 

40.050 

- 207 '. 712 

1295,101 

S 

1,646 

70,548 

4.271 

- 264,791 

1233,663 

6 

622,310 

0,382 

0.000 

880.209 

1233,683 

7 

7537,962 

0,269 

0,865 

906 ", 974 

1929,660 

S 

24487,803 

156.211 

38.000 

1273,974 

1977,460 

9 

0,000 

211,536 

465,811 

191819,488 

37334,726 

lo 

^ 0 ,000 

179,537 

0.000 

0.000 

0,000 

11 

177,281 

367,743 

503,810 

0.000 

0,000 

tz 

0,844 

2,443 

2,895 

O '. 000 

65200,434 

13 

2,674 


334,814 


97639373,000 

1 

471,000 

329.378 

74,886 

404 ; 464 

- 28,500 

2 

174321,89 

36.328 

32,970 

50.497 

105,270 

3 

4,401 

* 2 , 5 1-3 

33,247 

8.176 

434,240 

4 

430,994 

165,981 

40,095 

- 557 , 907 

1218,935 

5 

1,646 

70,546 

4,269 

- 594,524 

1158,577 

6 

622,187 

0 ,- 38 Z 

0,000 

550‘.476 

1158,377 

7 

7537,573 

0.268 

0,865 

576',949 

1853,696 

S 

24491,008 

156,479 

38,000 

943,949 

1901,698 

9 

0,000 

2 U .918 

466,676 

192149,131 

37409,623 

10 

" 0 ,000 

179,919 

0,000 

0.000 

0,000 

11 

177,012 

368,398 

506,673 

0.000 

0,000 

12 

0,844 

2.443 

2,894 

0.000 

64794,646 

13 

2,690 


333,679 


97813722,000 

1 

472,000 

329.482 

74,869 

404,351 

- 28,500 

2 

174273,51 

38,329 

32,973 

48,507 

184,180 

3 

4,401 

42,323 

33,251 

3.501 

416,681 

4 

430,996 

165.998 

40,140 

- 908.022 

1142,785 

5 

1,646 

70,544 

4,267 

= 924.182 

1083,488 

6 

622,037 

0.382 

0,000 

Z 20'.818 

1083,488 

7 

7537,094 

0 . 26 B 

0.865 

246.998 

1777,953 

8 

24493,791 

156.748 

38,000 

613,996 

1825,953 

9 

0,000 

212.300 

467,541 

192478,699 

37484,503 

io 

- 0,000 

180,301 

0,000 

0,000 

0,000 

il 

176,744 

369.048 

50 S .540 

0.000 

0,000 

12 

0,844 

2.442 

2.892 

0.000 

64388,951 

IS 

2,707 


336,644 


97980031.000 

1 

472,299 

329.443 

74,863 

404 ', 306 

- 28.500 

2 

174254,87 

38,329 

32,974 

47,652 

183,653 

3 

4,401 

42.247 

33.252 

2.103 

411,427 

4 

430,997 

166,002 

40,153 

- 1014.752 

1119,907 

5 

1,646 

70.543 

4,266 

- 1022.765 

1061,032 

i 

621,980 

0.382 

0,000 

122 '. 235 

1061,032 

7 

7536,908 

0,268 

0.865 

148,328 

1735,301 

8 

24494,434 

156,828 

38,000 

515.328 

1803,301 

9 

0,000 

212.414 

467,800 

192577.256 

37506,897 

10 

■ pO ,000 

180.415 

0,000 

0.000 

0,000 

11 

176,664 

369.243 

505,798 

0.000 

0,000 

12 

0,845 

2.442 

2,892 

o '. 000 

64267,628 

13 

2,711 


336, $02 


9804015<»»000 

1 

472,300 

329,504 

74,867 

404.371 

- 28,500 

2 

174280,71 

38,329 

32,974 

47.650 

183,853 

3 

4.401 

42,246 

39,252 

2,099 

411,413 

4 

430,992 

166,002 

40,153 

- 1015,032 

1119,846 

5 

1,646 

70.543 

4,266 

= 1023,028 

1060,972 

6 

595,743 

0.382 

0,000 

121.972 

1060,972 

7 

6316,024 

0.268 

0.865 

148 . 064 ' 

1753,240 

8 

24269,824 

156,828 

38,000 

515,064 

1003,240 

9 

0,000 

212.414 

467,800 

192577,520 

37506,957 

10 

^ 0,000 

180.415 

0,000 

O '. 000 

0,000 

11 

176,663 

369,243 

505,799 

0.000 

0,000 

12 

0,772 

2,357 

5,054 

o '. 000 

64267,304 

13 

2,712 


336,803 


98 Q 40293.000 
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TABLE, AP 5-2 (Sheet 23 of 25 ) 
PREDICTED S-ITO PROPULSION SYSTEM PERFORMANCE 
COMPUTER PROGRAM AA89 


1 

472,399 

329,504 

2 . 

175148 ;,. 1'1 

38,229 

,3 

4 , 401 ” 

42 ', 2 12 

4 

433,437 

166 , 004 ' 

5 

1,646 

70. 543 

6 

598,713 ' 

0,382 

7 • 

6316,027 - 

0,268 

8 ' 

■ 24269,824 

• 156,855 

9 

0,000 

' 212 *. 452 ‘ 

10 

- 0,000 

180,453 

ll 

176,637 

369,308 

12 

0,772 

2.357 

13 

2,727 


1 

472,499 

283.954 

2 

151019,03 

38,329 

.3 

4,402 

42.544 

4 

433,381 

166,006 

5 ' 

1,646 

70,542 

6 

516,232 

0,382 

7 

5442,916 

0.268 

8 

20913,269 

156.881 

9 

0,000 

212,490 

10 

- 0,000 

180.491 

11 

176,610 

369,373 

12 

0,772 

2.031 

13 

2,353 


1 

472,599 

174.080 

2 • 

92383,28 

38,329 

■ 3 . 

4.399 

42,427 

■■'4 

432,403 

166.007 

5 

1.646 

70.542 

6 

315,796 

0.332 

7 

3336,806 

0,268 

8 - ' 

12827,632 

156.908 

9 

0,000 ' 

212,528 

10 

- 0,000 

180.630 

11 • 

176,583 

369,438 

12 

0,771 

1.245 

13 

1,440 


■ r 

472,699 

66.223 

2 

35171.77 

38.330 

3 , 

4,379 

41,005 

4 

432,373 

166.009 

■ 5 - • 

1,646 

70,542 

6 

120,228 

0,382 

7 

1269,380 

0,268 

8 • 

4902,463 

156.935 

9 

0,000 

212.367 

10 

- 0,000 

180.568 

11 

176,556 

369,503 

12 

0,768 

0.474 

13 

0,548 


1 

472 , 799 ' 

28.438 

2 

14426,59 

38,330 

3 

4 , 615 ^ 

39,358 

4 

416,943 

166,010 

5 

V ,646 

70.542 

6 

49,315 

0,382 

7 

545,113 

0 . 268 , 

8 

1997,731 

■ 136.962 

9 

0,000 

212 , 605 - 

10 

- 0,000 

180 , 606 . 

11 

176,530 

369.568 

12 

0,809 

0,203 

13 - 

0,225 



74 •■867 404.371 . , -28.-500 

32,9.75 .47,328'. 183,744 

'33,252 r .435' 409,670 

40, i ’58 -1047.744 ' 1112,397 

4,266 - loss ', 724 ; 1053,524 

0,000’ 89,276 , 1053,524 

0.86‘5 115,339”. ,1747,727 

38,000 482,339 ‘ 1795,727 

467,886 ' ,192610.207 37514,384 


0,000 

O ', 000 

0,000 

505,885 

0.000 

0,000 

3.054 

0.000 

64227,066 

336,889 


98057561,000 

6 4, 5 1-3 

348.467 - 

-28,500 

32,975 

46.9,11 ; 

183,-640 

33.504 

1.188 ■ 

407,987 

40,162 

-1081,257 

1105,118 

4,266 

-1087.208 

1046,349 

0,000 

57. J 92 

1046 ,'349 

0,865 

83,827 , 

1740,490 

38,000 

450,02? 

1788,490 

467,973 

192641,680 

3752 l .;535 

0,000 

0.000 

0,000 

505,971 

0.000 

0,000 

2,632 

0.000 

64188,317 

336,975 


96074311,000 

39,570 

213.650 

-28,600 

32,975 

46,606 

183, .564 

33,775 

0,062 

406,743 

40,167 

- il 06',035 

. 1099,750 

4,266 

-1110,227 

1041, ’083 

0,000 

34'. 773 

. 1041, ,083 

0,865 

60.788 

1735,178 

38,000. 

427.788 

1783, ,178 

468,059 

192664,682 

37526,760 

0,000 

0,000 

0,000 

506,058 

0,000 

0,000 

1.614 

0,000 

64159,965 

337,062 


98086549,000 

15.123 

81,346 

-28,500 

32.976 

46,451 

l 83,-524 

33,389 

0.696 

406,124 

40,171 

-1118.882 

1096,952 

4,266 

-1121,922 

1038,360 

0,000 

23.070 

1038,360 

0,865 

49,083 

1732,430 

38,000. 

416,083 

1780,430 

468,146 

192676,348 

37529,421 

0,000 

o-.ooo 

0,000 

506,144 

0.000- 

0,000 

0,617- 

0,000. 

64145,513 

337,148 


98092723,000 

6.163 

34.601 

'•28,500 

32,9,76 . 

46,379 

- I 83',510 

33, E ' l 8 , 

01638 

405,931 

40.176 

' -1123, ,541 

1095;, 922 

4,265 

-1125,995 

1037,368 

0,000 

19,005 

1037,368 

0,865 

46,006 

1731,430 

38., 000- 

4 l 2',006 

1779,430 

468,232' 

192680.387 

37530,335 

0,000 

olooo 

0,000 

506,231 

0.000 

0,000 

0,251 

0,000 

64140,436 

337,235 


98094875,000 
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TABLE AP 5-2 (Sheet 24 of 25) 
PREDICTED S-IVB PROPDLSIOH SYSTEM PEREORflANCE 
COMPUTER PROGRAM AA89 


1 

472 i 099 

20,990 

4,661 

25,651 

" 20,500 

2 

10485,72 

38.330 

32.976 

46,317 

183,501 

3 

4,503 

38.749 

33,075 

0,603 

405,816 

4 

408,786 

186,012 

40,180 

- U 26>199 

1095,291 

5 

1,646 

70.541 

4,265 

- 1128.449 

1036,751 

6 

35,844 

0,382 

0,000 

16.551 

1036,751 

7 

402,340 

0,268 

0,865 

42,550 

1730,808 

6 

1510,983 

156,989 

38,000 

409,550 

1778,808 

9 

0,000 

212,643 

468,319 

192682;805 

37530,071 

10 

>- 0,000 

180.644 

0,000 

0.000 

0,000 

ll 

176.503 

369,633 

506 , 3 l 7 

0.000 

0,000 

U 

13 

0,790 

0,163 

0,150 

0.190 

337,321 

OiOOO 

64137,357 

98096092,000 

1 

472,999 

18.066 

3.997 

22,063 

- 28,500 

2 

8940,32 

38.330 

32.977 

46.267 

183,493 

3 

4,520 

38,634 

33,048 

0,575 

405,717 

4 

405,220 

166,014 

40,185 

- 1128.288 

1094,773 

5 

1,646 

70.541 

4,265 

- 1130,415 

1036,241 

6 

30,561 

0,332 

0,000 

14 ’, 58 5 

1036,241 

7 

346,295 

0<268 

0,865 

40,582 

1730.294 

8 

1295,654 

157.015 

38,000 

407,582 

1778,294 

9 

0,000 

212.681 

468,405 

192684, -734 

37531,298 

10 

wOiOOQ 

180.682 

0,000 

0.000 

0,000 

u 

176,476 

369,693 

5q6,404 

0.000 

0,000 

12 

13 

0,793 

0,139 

0.129 

0.163 

337,408 

0,000 

64134,875 

98097051,000 

1 

473,099 

16,533 

3,648 

20.182 

•> 28,500 

2 

8130,70 

38,330 

32,977 

46,222 

183,487 

3 

4,532 

1 38,589 

33.038 

0.550 

405,628 

4 

402.870 

166,015 

40.189 

- 1130.151 

1094,301 

5 

1,646 

70.541 

4,265 

- 1132.180 

1035,777 

6 

27,793 

0,382 

0,000 

12.820 

1035,777 

7 

316,918 

0,268 

0,865 

38,815 

1729,625 

8 

1182,737 

157.042 

38,000 

405.815 

1777,625 

9 

0,000 

2 X 2,719 

468,492 

192686,463 

37531,680 

10 

- 0,000 

100.721 

0,000 

0,000 

0,000 

11 

176,449 

369,763 

506,490 

0.000 

0,000 

12 

13 

0,795 

0,127 

0,118 

0.149 

337.494 

0,000 

64132,640 

98097903,000 

i 

473,199 

14.509 

3,188 

17.697 

" 28,500 

2 

7059,68 

38.330 

32.977 

46.181 

183.460 

3 

4,551 

38,566 

33,033 

0.528 

405,548 

4 

398,917 

166,017 

40, 194 

- 1131,837 

1093,868 

S 

1,646 

70,540 

4,264 

- 1133^777 

1035,350 

6 

24,132 

0,382 

0,000 

11.223 

1035,350 

7 

278,108 

0,268 

0.865 

37,216 

1729,395 

B 

1033,570 

157 . 069 - 

38,000 

404.216 

1777,395 

9 

0.000 

212.758 

468,578 

192683.023 

37532,024 

10 

- 0,000 

180.759 

0,000 

0.000 

0,000 

11 

176,422 

369.828 

506,577 

0.000 

0,000 

12 

13 

0,798 

0,110 

0 ilo 4 

0,130 

337,581 

0.000 

64130,611 

98098666,000 

1 

473,299 

U .489 

2,502 

13,991 

" 28,500 

2 

5461,32 

38,330 

32,978 

46, 147 

183,475 

3 

4,591 

38.536 

33,026 

0.509 

405,481 

4 

390.347 

166,019 

40,198 

- 1133,260 

1093,493 

5 

1,646 

70,540 

4,264 

- 1135,121 

1034,981 

6 

18,669 

0,382 

o.ooo 

9 '. 879 

1034,981 

7 

220,219 

0,263 

0,865 

35.871 

1729,022 

8 

8 U .142 

157.096 

38,000 

402.871 

1777,022 

9 

0,000 

212,796 

468,665 

192689',330 

37532,310 

10 

— 0 ,000 

180.797 

0,000 

0.000 

0,000 

ll 

176,396 

369,893 

506,663 

o'.ooo 

0,000 

12 

13 

0,805 

0,085 

0,082 0.102 
337.667 
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TABLE AP 5-2 (Sheet 25 of 25) 
PREDICTED S-IVB PROPULSION SYSTEM PERFORMANCE 
COMPUTER PROGRAM AA89 


1 

473 • 399 

8,113 

1,735 

9 ; 848 

* 28,500 

z 

3674,89 

36,330 

32 , 978 - 

46,121 

183,471 

3 

4,675 

38,490 

33,016 

0 V 494 

405,432 

4 

373,161 

166.020 

40,203 

“ 1134,343 

1093,192 

5 

1,646 

70.540 

4,264 

“ 1136.137 

1034,686 

6 

12,562 

0.382 

0,000 

8.863 

1034,686 

7 

155.307 

0,268 

0.865 

34,855 

1728,724 

8 

562,331 

1 5 - 7 '. 122 

38,000 

4 or ,055 

1776,724 

9 

0,000 

212.834 

468,751 

192690.309 

37532,521 

10 

^ 0,000 

IBO .835 

0 , 000 - 

0.000 

0,000 

ll . 

176,369 

369,958 

506,750 

o ’, 000 

0,000 

12 

13 

0,820 

0,057 

0 , 05 B 

0,071 

337,754 

0.000 

64127,579 

98099750,000 

1 

473,499 

5.438 

1.132 

6,590 

c ^ 2 B .500 

2 

2271.37 

38 i 330 

32.978 

46.103 

183,467 

3 

4,821 

38 , 438 

33,004 

o ’. 484 

405,399 

4 

344,648 

166.022 

40,207 

- US 5.101 

1092,962 

S 

1.646 

70.539 

4,264 

“ 1136,844 

1034,460 


7,7 64 

0.382 

0,000 

8.156 

1034,460 

7 

104,625 

0,268 

0.865 

34,148 

1728,, 497 

• 8 

367,023 

157.149 

38,000 

401 ’. 148 

1776,497 

9 

0 , 000 . 

212’, 872 

468.838 

192690-.979 

37532,663 

10 

-, 0,000 

180.873 

0,000 

O '. 000 

0,000 

11 

176,342 

370,023 

506,836 

0.000 

0 , 000 . 

ir 

0,845 

0,035 

0.039 

0,046 

337,840 

0.000 

64126,644 

98100042,000 

1 

473.599 

3.770 

0,748 

, 4,519 

46,090 

- 28,600 

2 

1379,98 

38.330 

32.979 

183,465 

3 

5,038 

38,397 

32,995 

0.477 

405,378 

4 

305,392 

166,023 

40,212 

- 1135.632 

1092,781 

5 

li 646 

70.539 

4,263 

“ 1137,339 

1034,282 

6 

4.717 

0.382 

0.000 

7.661 

1034.282 

7 

72,270 

0.268 

0,865 

33.652 

1726,317 

8 

242,620 

157.176 

38,000 

400.652 

1776,317 

9 

0,000 

212.910 

468,924 

19269 l ',436 

37532,756 

10 

•,• 0,000 

180.912 

0,000 

0.000 

0,000 

11 

176,315 

370,008 

506,923 

OvOOO 

0,000 

12 

13 

0,883 

0,022 

0.027 

0,031 
337 ,. 927 

0,000 

64123,968 

98100222,000 

1 

473,699 

0.000 

0,000 

0.000 

- 28,500 

Z 

0,00 

38.330 

32,979 

46.083 

183,463 

3 

0,000 

38,371 

32,989 

O '. 473 

405,368 

4 ■ 

0 , 000 ’ 

166,025 

40,216 

- 1135,944 

1092,647 

5 

1,646 

70.539 

4 ,, 26 3 

“ 1137,627 

1034,150 

6 ’ 

0,000 

0,382 

0.000 

7,373 

• 1034,150 

7 

0,000 

0,268 

0.865 

33.363 

1728 ,, 185 

8 

0,000 

157,203 

30,000 

400,363 

1776,183 

9 

0,000 

212.949 

469,011 

192691.686 

37532,802 

10 

eO , 000 

180.950 

0,000 

0.000 

0,000 

11 

176,288 

37 o ,' l 53 

507-.009 

0.000 

0,000 

12 

13 

0,000 

0,000 

0.000 

0,000 

338,013 

0.000 

64125,548 

981002 ^ 8,000 
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TABLE AP 5-3 (Sheet 1 of 3) 

DEFINITION OF SYMBOLS USED WITH COMPUTER PROGRAM AA89 


PRINTOUT SYMBOL 

DEFINITION 

ASUMB 

Stage axial acceleration, (g's) 

CSUBFEV 

Vacuum thrust coefficient 

DEL 

PU valve position (deg) 

DRAG 

' Atmospheric resistance to the motion of the vehicle 

EMR 

Total engine propellant mixture ratio. The ratio of 
. the total engine LOX mass flowrate to the total 
engine LH2 mass flowrate 

ENGINE ISP 

Engine specific impulse (sec) engine thrust divided 
by engine mass flowrate 

FPS 

. LH2 pump speed (RPM) 

FSUBAUX 

Auxiliary thrust (Ibf) 

FSUBE 

Stage thrust (Ibf) 

FUEL 0?B 

LH2 overboard (Ibra) -thru engine and vented 

GGMR 

. Gas generator mixture ratio 

HSUBF 

Height of LH2 above pump inlet (in) ; computed from 
height versus volume polynominal 

HSUBO 

Height of LOX above pump inlet (in) ; computed from 
height versus volume polynominal 

IMPSUBT 

Stage total impulse (Ibf/sec) 

LPS 

LOX pump speed (RPM) 

OXID OVB 

LOX overboard (Ibm) thru engine and vented 

PCC 

Thrust chamber pressure (psia) (Injector static 
pressure) 

PFPI 

LH2 pump inlet pressure, total (psia) 

POPI 

LOX pump inlet pressure, total (psia) 

RHOSUBF 

LH2 bulk density (Ibm/ft ); calculated from pump 
inlet temperature plus a bias 
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TABLE AP 5-3 (Sheet 2 of 3) 

DEFINITION OF SYMBOLS USED WITH COMPUTER PROGRAM AA89 


PRINTOUT SYMBOL ‘ 

DEFINITION 

RHOSUBO 

3 

LOX bulk, density (Ibm/ft ); calculated from pump 
inlet temperature plus a bias 

TFPI 

LH2 pump inlet temperature (deg R) 

TIME 

Time from S-IVB stage engine start (sec) 

TOPI 

LOX pump inlet temperature (deg R) 

TTFHE 

GHe in LH2 tank ullage (Ibm). 

TTFLH2 

GH2 in LH2 tank ullage (Ibm) 

TTMF 

Total mass in EH2 tank ullage (Ibm) 

TTMO 

Total mass in LOX tank ullage (Ibm) 

TTOHE 

GHe in LOX tank ullage (Ibm) 

TTOLOX 

GOX in LOX tank ullage (Ibm) 

TTPSUBF 

LH2' tank top pressure (psia) 

TTPSUBO 

Oxidizer -tank top pressure (psia) 

VSUBF 

3 

LH2 volume in tank (ft ) 

VSUBO 

3 

Oxidizer volume in tank (ft ) 

WDOTFBO 

Rate of LH2 boiloff (Ibm/sec) 

WDOTFGG 

Gas generator fuel flowrate (Ibm/sec) 

WDOTFPR 

LH2 tank pressurant flowrate (Ibm/sec) 

WDOTFVO 

Rate of GH2 vented overboard (Ibm/sec) 

WDOTHE 

LOX tank pressurant (GHe) flowrate (Ibm/sec) 

WDOTOBO 

Rate of LOX boiloff (Ibm/sec) 

WDOTOGG 

Gas generator LOX flowrate (Ibm/sec) 

WDOTOVO 

Rate of GOX vented overboard (Ibm/sec) 

WDOTSUBF 

Engine fuel flowrate (Ibm/sec) 
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TABLE AP 5-3 (Sheet 3 of 3) 

DEFINITION OF SYMBOLS -USED WITH COMPUTER PROGRAM AA89 


PRINTOUT SYMBOL 

DEFINITION 

WDOTSUBO 

Engine oxidizer flowrate (Ibm/sec) 

WDOTSUBT 

Total propellant consumption, includes auxiliary 


flows (Ibm/sec) 

WFBOT 

Accumulated LH2 boiloff (Ibm) 

WF IN TANK 

Weight of LH2 in tank (Ibm) 

WFPRT 

Accumulated LH2 tank pressurant (Ibm) 

WF PU 

PU indicated LH2 weight (Ibm) 

WFPU USABLE 

PU indicated usable LH2 weight (Ibm) 

WF USABLE 

Usable LH2 in tank (Ibm) 

WFVOT 

Total GH2 vented overboard (Ibm) 

WOBOT 

Accumulated LOX boiloff (Ibm) 

WO I-N TANK 

Weight of LOX in tank (Ibm) 

WO PU 

PU indicated LOX weight (Ibm) 

WOPU USABLE 

PU Indicated usable LOX weight (Ibm) 

WO USABLE 

Usable LOX in tank (Ibm) 

WOVOT 

Total GOX vented overboard (Ibm) 

WSUBFT 

Total LH2 onboard (Ibm) 

WSUBHE 

Weight of helium in cold helium spheres (Ibm) 

WSUBO ERROR 

Equivalent LOX weight error, defined as LH2 weight 


(PU indicated) times reference mixture ratio of PU 


system, subtracted from oxidizer weight (PU indi- 


cated) (Ibm) 

WSUBOT 

Total LOX onboard (Ibm) 

WSUBV 

Total weight of S-IVB plus payload (Ibm) 
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TABLE AP 5-4 

AS-205 VARIABLE TAG VALUES 


TIME FROM ESC 
(sec) 

THRUST 

(psia) 

LOX FLOWRATE . , 
(Ibm/sec) 

LH2 FLOWRATE 
(Ibm/ sec) 

20 

225,714 

448.85 

81.99 : 

60 

225,657 

450.98 

82.24 

80 

225,811 - 

• 450.60 ; 

! 

82 . 10 

110 

225,460 

450.15 : 

82.10 

118 

225,679 

449.44 

82.07 

140 

' 225,633 

450.11 

’82.17 

150 

225,475 

449.29 

82.11 

157 

225,379 

449.07 

' ' t 

82.11 

165 

225,610 

448.92 

, . i 

82.18 

175 

225,, 650 

. 449.88 

82.06 

185 

225,293 

449,34 

82.01 

205 

225,196 

449.04 

82.08 

220 

225,598 

•449.88 

82.06 

230 . , 

. 225,292’ 

449.05 

82.05 

245 

224,669 

448.17 

82.08 

255 

225,286 

448.71 

82.12 


September 1968 









PRESSURE (PSIA) PRESSURE (PSIA) 



Figure AP 5-1. LOX and LH2 Pump Inlet Pressure 
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TEMPERATURE (°R) ' -TEMPERATURE (°R) 



Figure AP 5.-2.' LOX and LH2 Pump- Inlet Temperature 
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DISPLACEMENT FROM NULL POSITION (DEG) 



0 50 TOO 150 200 250 300 350 400 450 500 

TIME FROM 90% THRUST (SEC) 


Figure AP 5-3. PU Valve Position 
September 1968 
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RPM (1000) RPM (1000) 



28 
27 
26 
25 
24 

0 50 100 150 200 250 300 350 400 450 500 

TIME FROM 90% THRUST (SEC) 



Figure AP'5-4. LOX and LH2 Pump Speed 
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PRESSURE (PSIA) 



Figure AP 5-5. Thrust Chamber Pressure (Injector) 
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COEFFICIENT 



Figure AP 5-6. Vacuum Thrust Coefficient (Injector) 
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THRUST (10,000 LBF) 
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FLOWRATE (LBM/SEC) FLOWRATE (LBM/SEC) 



Figure AP 5-8. LOX and LH2 Flowrate'- Pump Inlet 
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Figure AP 5-9. Specific Impulse vs Engine Mixture Ratio 
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SPECIFIC IMPULSE (SEC) 



• figure AP 5-10'. Engine' Specific- Impulse 
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MIXTURE RATIO (LOX/LH2) 



0 50 100 150 200 250 300 350 400 450 500 

TIME FROM 90% THRUST (SEC) 


Figure AP 5-11. Engine Mixture Ratio 
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DENSITY {1000 FT/LBM) DENSITY (1000 FT/LBM) 



Figure AP 5-13'. LOX and LH2 Bulk Densities 
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MASS (10,0p0 LBM) 


20 



AP5-46 


Figure- AP- 5-14. LOX Mass Onboard' 
Septeinber 1968' 


MASS (1000 LBM) 


50 



TIME FROM 90% THRUST (SEC) 


Figure AP 5-15. LH2 Mass Onboard 
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MASS OVERBOARD (10,000 IBM) 


20 



TIME FROM 90% THRUST (SEC) 


Figure AP 5-16. LOX Mass Overboard 
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MASS (1000 LBM) 


50 



Figure AP 5-17. LH2 Mass Overboard 
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FLOWRATE (LBM/SEG) 



Figure AP 5-18, LH2 Tank GH2 Pressurant Flowrate 
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MASS (LBM) 



Figure AP 5-19, LH2 Tank Accumulated GH2 Pressurant 
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FLOWRATE {-LBH/SEC) 



Figura-AP 5-20.: ‘ LOX Tank Helium Pressurant -FTownate 
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MASS (LBM) 



Figure AP 5-21. Mass in Cold Helium Spheres 
September 1968 
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MASS (LBM) 



"Figure AP- 5-22. Total LOX Boil off' 
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MDAC-WD HAS- PREDICTED THAT 
LH2 BOILOFF WILL BE ZERO FOR 
THE S-IVB-205 STAGE 


Figure'AP 5-23.'- Total LH2 Boiloff 
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rwss (LB,1) 



AP5-56 
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MASS (LBM) 



Figure AP 5-25. LH2 Tank Ullage Mass 
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6. PROPELLANT UTILIZATION DATA 

This appendix presents the data- required for S-IVB stage propellant 
loading as well as data for flight control and evaluation-. The propel- 
lant loading requirements for the S-IVB-205 stage are summarized in 
table AP 6-1. These requirements are based on the S-IVB final propulsion 
performance predictions (appendix 5) and .on a programmed mixture ratio 
mode of operation with depletion cutoff. 

Propellant utilization (’PU) system calibration data is presented in 
table AP 6-2. 

The estimated PU analysis accuracies for ground loading and flight, 
based on the inflight mass characteristics (appendix 2), are presented- 
in table AP 6-3; table AP 6-4 presents estimated flight propellant 
residual accuracies. 

Tabulations of the LH2 and LOX tank unique volume versus height data 
during ground loading, based on tank measurement data, are presented in 
tables AP 6-5 and AP 6-6. The predicted LOX and LH2 level histories for 
flight are sho^ra in figures AP 6-1 and AP 6-2. 

Predicted mass corrections for flight dynamics effects are presented in 
figures AP 6-3 and AP 6-4. These corrections compensate for tank 
geometry changes caused by variations in tank skin temperature, vehicle 
acceleration, and differential tank pressures, and flight corrections for 
vehicle tilt caused by eg offset. 

The actual propellant mass onboard is determined by adding the appropriate 
corrections to the indicated mass values. During loading operations, 
tank-to-sensor mismatch and manufacturing nonlinearities are added to the 
indicated value. During powered flight, tank-to-sensor mismatch, 
manufacturing nonllnearltles , flight dynamics, and vehicle tilt correc- 
tions must all be added to determine actual mass. Figures AP 6-5 and 
AP 6-6 present the total predicted mass sensor corrections for flight 
using the flow integral and volumetric calibration results. 

Mass sensor nonlinearities resulting from tank-to-sensor mismatch 
including mass sensor manufacturing nonlinearities are presented in 
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figure AP 6-7 for both the flow integral and volumetric calibrations. 
These corrections are based on acceptance firing data and unique tank 
measurements as normalized to the desired liftoff and cutoff masses 1 
The flow Integral nonlinearities were used in the predictions presented 
in this report. 

Again it should be pointed out that the flow integral values were used 
in the predictions presented in this report. The volumetria data will 
be used in conjunction with the stage and interstage weight and balance 
logs, to provide vehicle mass evaluation within 24 hr after launch. 

APS fuel and oxidizer loading requirements are presented figures AP 6-8 
arid AP 6-9 . 
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TABLE AP 6-1 (Sheet 1 of 2) 
PROPELLANT LOADING REQUIREMENTS SUMMARY* 


DESCRIPTION 

LH2 (Ibm) 

LOX (Ibm) 

REMARKS 

Usable Propellants 




Total Usable Propellants 

38,454 

192,284 

The propellant load for the AS-205 flight was defined 
using a nominal bumtime to propellant depletion of 
472.3 sec. 

Nominal Propellant 
Consumption 

37,187 

191,077 

This quantity will normally be burned by the J-2 engine 
between the 90 percent thrust level at ignition and 
predicted guidance cutoff at ESC +469.5. 

Available Flight 
Performance Reserve 

1,267 

1,207 

Nominal flight performance and reserve and flight 
geometry reserve available following a predicted 
guidance cutoff. 

LH2 Bias 

1,040 


The LH2 bias is included as a linear bias to empty and 
full calibration points to minimize residuals at 
depletion. 

Unusuable Propellants 




Total Unusuable 
Propellants 

1,193 

989 

The total unusable propellant load is 2,182 Ibm. 

Boilof f 

0 

173 


LH2 Tank Pressurant 

337 

— 

This is required to pressurize the LH2 tank during burn. 
The LOX tank is pressurized by helium. 

J-2 Start Transient 

96 

298 

This is the propellants consumed during the J-2 engine 
start transient, which is from Engine Start Command to 
90 percent thrust. 

J-2 Cutoff Transient 

27 

122 

This is the propellants consumed during the J-2 engine 
cutoff transient, which is from Engine Cutoff Command 
to zero thrust. 


*The allowable indicated- to-desired propellant load mismatch is +0.5 percent of the desired propellant load 
^ in each tank. Therefore, by root-sum-square (RSS) of the indicated-to-actual mass accuracy and indicated- 

Y' to-desired propellant load mismatch, the desired-to-actual loading accuracy is 1.12 percent of the desired 

propellant load in each tank, or 444- Ibm LH2 and 2,165 Ibm LOX. 
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TABLE AP 6-1 (Sheet 2 of 2) 

^ PROPELLANT LOADING REQUIREMENTS SUMMARY* 


DESCRIPTION . 

LH2 (Ibm) 

LOX (Ibm) , 

■ REMARKS 

J-2 Trapped 

10- " 

• 108 

This is the propellant trapped in the J-2 engine 
following the cutoff transient. 

Unavailable • 

723 

288 

This is the unavailable propellant trapped in the _ tanks 
and lines, based upon depletion sensor cutoff and thrust- 
decay. • ' _ 

' Total Desired Load 

39,647 

193,273 



*The . allow able ±ndicated-to-desired propellant load mismatch is +0.5 percent of the desired propellant load 
in each tank. Therefore, by root-sum-square ' (RSS) of the indicated-to-actual mass accuracy and indicated- 
to desired propellant load mismatch, the desired-to-actual loading accuracy is 1.12 percent of the desired 
propellant load in each tank, or 444 Ibm LH2, and 2,165'lbm LOX. 




TABLE AP 6-2 (Sheet 1 of 3) 
PROPELLANT UTILIZATION CALIBRATION DATA 


PROPELLANT LEVEL 

CAPACITANCE 

(Pf) 


COARSE MASS 
RATIO 

FINE MASS 
RATIO (A) 

LOX MASS SENSOR (E-14) 





Helium Calibration Point^^^ 

282.52 

1,957 

0.01509 

Tap +0.01479 

Air Calibration Point (GN2) 

282.67 

2,171 

0.01605 

Tap +0.01573 

Probe Bottom (Cryogenic) 

282.06 

1,270 

0.01203 

Tap +0.01179 

Empty Calibration Point 

280.24 

-1,427 

0.0 

Tap 

(2) 

Full Calibration Point ^ 

404.88 

183,044 

0.82264 

Tap +0.80618 

Probe Calibration Point 

409.55 

189,957 

0.85346 

Tap +0.83640 

(3) 

Full Load (Pressurized) 

411.79 

193,273 

0.86825 ■ 

Tap +0.85089 

(4) 

Full Load (Unpressurized) 

412.23 

193,273 

0.87117 

Tap +0.85375 

Reference Mixture Ratio 
Calibration Point 

399.00 

174,340 

0.78382 

Tap +0.76815 


The above data are valid only when probe is immersed in GHe at ambient room 
conditions . 


NOTES : 

(1) When LOX tank is empty of propellant and filled only with GHe at one 
atmosphere. 

(2) The delta capacitance (full calibration point minus the helium calibra- 
tion point) is 122.35 pf, which is equal to a coarse mass ratio (CMR) 
of 0.82269 and a LOX mass of 183,044 Ibm. 

(3) The loading computer (L/C) will be programmed to load to a CMR of 

0. 86825, which is equal to a LOX mass of 193,273 Ibm (pressurized). 

The maximum acceptable deviation from the nominal load is +0-5 percent; 

1. e., a minimum CMR of 0.86391 and a maximum of 0.87259. 

(4) The L/C will be programmed to load to a CMR of 0.87117, which is equal 
to a LOX mass of 193,273 Ibm (unpressurized). An L/C tolerance of 
+0.5 percent of the desired load will yield a minimum CMR of 0.86681 
and a maximum of 0.87553. The nominal CMR of 0.87117 will be used as 
the initial 100 percent value for the KSC propellant loading test. This 
value was based upon data obtained from the AS-201 and AS-203 propellant 
loading tests and launch countdowns. Additional adjustments to the CMR 
(unpressurized) may be required after the AS-205 Countdown Demonstration 
Test. 
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TABLE AP 6-2 (Sheet 2 of 3) 
PROPELLANT UTILIZATION CALIBRATION DATA 


PROPELLANT LEVEL 

CAPACITANCE 

(pf) 

EiSEi 

COARSE MASS 
RATIO 

FINE MASS 
RATIO (A) 

LH2 MASS SENSOR (F-5) 





Helium Calibration Point 

973.61 

15 

-0.00626 

Tap -0.00614 

Air Calibration Point (GN2) 

974.11 

117 

-0.00400 

Tap -0.00392 

Probe Bottom (Cryogenic) 

974.55 

206 

-0.00203 

Tap -0.00199 

Empty Calibration Point 

9 75 ..00 

298 

0.0 

Tap 

Full Calibration Point^^^ 

1,157.86 

37,487 

0.82264 

Tap +0.80618 

Probe Calibration Point 

1,152.24 

36,344 

0.79735 

Tap +0.78141 

Full Load (Pressurized) 

1,168.48 

39,647 

0.87042 

Tap +0.85301 

Full Load (Unpressurized) 

1,169.73 

37,647 

0.87606 

Tap +0.85854 

Reference Mixture Ratio 
Calibration Point 

1,157.86 

37,487 

0.82264 

Tap +0.86618 


The above data are valid only when probe is immersed in GHe at ambient room 
conditions . 


NOTES : 

(5) When LH2 tank is empty of propellant and filled only with GHe at one 
atmosphere. 

(6) The delta capacitance (full calibration point minus the helium 
calibration point) is 184.25 pf, which is equal to a CMR of 0.82264 
and an LH2 mass of 37,487 Ibra. 

(7) The L/C will be programmed to load to a CMR of 0.87042, which is equal 
to an LH2 mass of 39,647 Ibm (pressurized). The maximum acceptable 
deviation from the nominal load is +0.5 percent; i.e., a minimum CMR 
of 0.83607 and a maximum of 0.84477. 

(8) The L/C will be programmed to load to a CMR of 0.87606, which is equal 
to an LH2 mass of 37,647 Ibm (unpressurized). An L/C tolerance of 
+0.5 percent of the desired load will yield a minimum CMR of 0.87168 
and a maximum of 0.88044. The nominal CMR of 0.87606 will be used as 
the initial 100 percent value for the KSC propellant loading test. 

This value was based upon data obtained from the AS-201 and AS-203 
propellant loading tests and launch countdowns. Additional adjustments 
to the CMR (unpressurized) may be required after the AS— 205 Countdown 
Demonstration Test. 
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TABLE AP-6-2 (Sheet 3 of 3) 
PROPELLANT UTILIZATION CALIBRATION DATA 


MASS AND CAPACITANCE REDUCTION FORMULAE 
LOX Mass = X(22A,244) -1,427 

LH2 Mass ' = A(45,207) +298 

LOX Capacitance = A (151. 51) +280.24 
LH2 Capacitance = A(222.28) +975.00 


A = 


LEG 

20 


= Fine Mass Ratio 


LEG = Total integral number plus fractional part of fine 
mass LEGS traversed expressed as a decimal. 

Example: LEG = 18.49 indicates that 18 full LEGS have 

been traversed plus 49/100 of the nineteenth LEG. 


REFERENCE MIXTURE RATIO ADJUSTMENT TO 4.76 

a. Calibrate bridges as shown in table 

b. Put in AC = 184.25 pf on LH2 bridge 

c. Put in AC = 122.35 pf on LOX bridge 

d. Adjust bias potentiometers for 0.000 +0.01 volts at 
the empty calibration point and with the above AC's 
in the bridges. 
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T^LE AP 6-3 

^ ESTIMATED Pb ANALYSIS ACCURACIES 






CDDT AND 

FLIGHT 





LOX 

TANK 

LH2 TANK 

ITEM 

DESCRIPTION 

TEST 

(+lbm) 

(+lbm) 




LEVEL SENSOR NO. 

LEVEL SENSOR NO. 




L0004 

L0005 

LOOOl 

L0002 

1. 

Predicted accuracies of level sensors 

Flight 

183 

393 

A 

85 • 



CDDT** 

111 

228 


38 

2. 

Predicted accuracy of PU mass sensor at level sensor 

Flight 

495 

495 


130 


activation 

and CDDT 





3. 

Probable deviation between level sensor and PU mass 

Flight 

528 

632 


155 


sensor (RSS of items 1 and 2) 

CDDT 

507 

545 


135 

4. 

Predicted accuracy of propellant residuals at ECC as 
determined by individual level sensors 

Flight 

183 

401 


85 

5. 

Probable deviation between mass sensor and level 
sensor determined residuals at ECC (RSS of item 4 of 
this table and item 1 in table AP 6-4) 

Flight 

528 

637 


155 


*This level sensor is not expected to deactivate during flight because the predicted 
residual is higher than this level. 

**Countdown demonstration test (GDDT) predictions are valid only if propellant is 
maintained at a minimum of 2 deg R below saturation and at nominal tank 
pressurization. 




TABLE AP 6-4 

ACCURACY OF DETERMINING PROPELLANT RESIDUALS 


ITEM 

DESCRIPTION 

LOX TANK ■ 
(+lbm) 

LH2 TANK 
(+lbm) 

TOTAL 

(+lbm) 

1. 

PU system mass sensor accuracy 
of propellant residuals at ECC 
based on a predicted residual 
above the main propellant valves 
of 1,934 Ibm LOX and 2,129 Ibm 
LH2. 

495 

130 

512. 

2. 

Estimated overall level sensor 
accuracy of propellant residuals 
at ECC as determined by the 
\<reighted average technique based 
on predicted residuals noted in 
item 1. 

166 

85 

186 

3. 

Estimated residual accuracy 
based on the weighted average of 
PU mass sensor and level sensor 
residual accuracies (items 1 
and 2) . 

158 

71 

175 


NOTE: Total represent root-sum-square (RSS) values of individual 

propellant tank accuracies. 
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TABLE AP 6-5 (Sheet 1 of 2) 

SATURN S-IVB-205 VOLUME VERSUS HEIGHT LOX TANK - 
GROUND LOADING CONDITION 


HEIGHT 

VOLUME 

HEIGHT 

VOLUME 

HEIGHT 

(IN.) 

(FT3) 

(IN.) 

(FT3) 

(IN.) 

1 .00 

.000 

51.00 

532.35b 

101 ,00 

2,0u 

.248 

52.00 

551.790 

ifi2.no 

3,0u 

1.390 

53,00 

571 ,506 

103.00 

4,00 

3.004 

54,00 

591 0 500 

104.00 

5,00 

5.083 

55.00 

611 ,766 

105.00 

6.00 

7,623 

56,00 

652.306 

106,00 

7.00 

10.619 

57.00 

653,111 

107.00 

8.00 

14.067 

50,00 

674,179 

108.00 

9. 00 

17.961 

59,00 

695 , 506 

109,00 

10.00 

82,293 

60,00 

717.089 

110,00 

11.00 

27,073 

61,00 

738,924 

111.00 

12.00 

32.281 

62.00 

761.007 

112.00 

13.00 

37.919 

63.00 

783.335 

113,00 

14,00 

43.901 

64,00 

805.904 

1 14,00 

15.00 

50.465 

65,00 

828.710. 

115,00 

16,00 

57 . 366 

66 , 0 0 

651,750 

116.00 

17.00 

64.679 

67.00 

875,020 

117,00 

16,00 

72,402 

68,00 

698.517 

118.00 

19.00 

80.530 

69.00 

922 , 236 

119.00 

20,00 

8‘^.059 

70.00 

946,175 

120,00 

21,00 

97.985 

71,00 

970.329 

121,00 

22,00 

107.505 

72.00 

994-. 694 

122,00 

23,00 

117.014 

73,0 0 

1019.269 

123.00 

24,00 

127.110 

74.0 0 

1044.047 

124,00 

25,00 

137.508 

75.00 

1069.027 

125.00 

26.00 

146,445 

76,00 

1094.204 

126.00 

27.00 

159 * 676 

77.00 

H19.575 

127.00 

28,00 

171.279 

78.00 

1145.135 

128.00 

29,00 

183.250 

79.00 

1170.883 

129.00 

30,00 

195.585 

80.00 

1196,813 

130.00 

31,00 

208.250 

81,00 

1222,923 

131.00 

32,00 

221.332 

82,00 

1249.208 

132.00 

33.00 

23‘^.738 

83.00 

1275.666 

133.00 

34.00 

24S.493 

84.00 

1302.292 

134.00 

35.00 

262.594 

85.00 

1329.083 

135,00 

36,00 

2/7.038 

86.00 

1356,036 

136,00 

37,00 

291,821 

87,00 

1383.146 

137.00 

38,00 

306,939 

88,00 

1410,411 

138,00 

39,00 

3<^2.388 

89,00 

1437.754 

139.00 

40.00 

338.166 

90,00 

1464,866 

140,00 

41,00 

354.269 

91.00 

1491.825 

141.00 

42,00 

370.692 

92,00 

l5ia,625 

142.00 

43.00 

387 • 433 

93,00 

1545.263 

143.00 

44,00 

‘^04.488 

94,00 

1571.736 

144.00 

45.00 

421.853 

95.00 

1598,040 

145,00 

46.00 . 

439.525 

96.00 

1624,170 

146.00 

47.00 

457.499 

97,00 

1650.125 

147,00 

48.00 

475.773 

98,00 

1675,893 

148.00 

49.00 

494,343 

99,00 

1701.488 

149.00 

50.00 

■ 513.204 

100,00 

1726.890 ■ 

150,00 
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VOLUME 

(FT3) 

1753,100 

1777,116 

1801.932 
162o , 546 
1050,953 
1875,150 
1899,133 
5922,899 
1946,444 
1969.763 
1992,854 
2015,713 

2038.355 
2060,718 
2082,057 
2104.749 
2126,309 

2147.776 
2168.903 
2189,769 
2210,369 
2230.699 
2250,755 
2270,535 
2290.034 
2309,249 
2328,176 
2346,810 
2365.149 
2383,189 
2400,92b 

2413.356 
2435,475 
2452,280 
2468,768 

2484.933 
2500.774 
2516,285 
2531,464 
2546.306 
2560,608 
2574,966 

2538.776 
2602.235 
2615.339 
2626,084 
^640. 467 
2652.483 
2664.130 
2675,403 
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TARI F AP fi-R fShppt ? nf ?) 

SATURN S-IVB-205 VOLUME VERSUS HEIGHT LOX TANK - 
GROUND' LOADING CONDITION 


HEIGHT 

VOLUME 

HEIGHT 

(IN.) 

(FT3) 

(IN.) 

Ibl ,CiO 

2b86.-298 

160.00 

lb2.00 

2696.812 

iol.OO 

lb3.00 

2706. 9'42 

162.00 

lb'4.0 0 

27 16.. 68.5 

163,00 

IbS.OO 

2726.031 

154.00 

Ibb.OO 

273^+, 984 

165,00 

lb?. 00 

2743,637 

166.00 

IbG.OO' 

275'i .687 

167.00 

lb9,00 

2769.429 

168,00 


VOLUME 

HEIGHT 

VOLUME 

(FT3) 

(IN.) 

(FT3) 

2766, 761 

169.00 

2813.644 

2773.678 

170.00 

2816,663 

2780,177 

171.00 

2819,230 

2786.254 

172.00 

, 2821.342 

2791,905 

173,00 

2822.994 

2797.126 

174,00 

2824,184 

2801.915 

175.00 

2824,907 

2806.267 

2810.178 

176.00 

2825.160 
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TABLE AP 6-6 -(Sheet 1 of 3) 

SATURN- S-I.VB-205 VOLUME VERSUS HEIGHT LH2 TANK - 
GROUND LOADING .CONDITION 


HEIGHT 

VOLUME 

HEIGHT 

VOLUME 

HEIGHT 

(IN.) 

(FT3) 

(IN.) 

(FT3)' 

(IN.) , 

1..-00 

.000 

51 .00 

381,999 

101*00 

2,00 

.000 

52.00 

3 cj 7,51-6 

102,00 

3.00 

.000' 

53,00 

413-. 3 37 

103-.00 

4.;oo 

.U30 

54,00 

429,615 

104.00 

5,00 

1,456 

55.00 

446.202 

105.00 

6,00 

2.341 

5 6 .. 00 

463-. 154 

1 , 06.00 

7,00 

4', 576 

•57.00 

480..472 

10 /.CO 

8.00 

6.650 

56,00- 

■493.151 

108.00 

9.00 

9.055 

59.00 

5'16.223 

109..00 

10.00' 

11.705 

60;, 00 

534,. 663 

110.00- 

11,00 

14.832 

61.00 

553,484 

111...00 

12.00 

18.191 

62.00 

572,609 

112..00 

13.00 

21.658- 

63,00 

592.281 

113.00 

14.00 

25.829 

64,00 

612,264 

114.00 

15.00 

30.102 

65,00 

632 , 642 

115..00 

lb, 00 

3**. 673 

66,00 

653.418 

116.00 

17.00 

39.542 

67,00 

674.594 

117.00 

18,00 

44.707 

63,00 

696 . 176 

118.00 

19.00 

50.167 

69.00 

7i8, 166 

119,00 

20,00 

95.923 

70,00 

740,567 

120,00 

21.00 

61.975- 

71.00 

763.383 

121'. 00 

22.00 

68.323 

72.00 

f 86 .617 

122.00 

23.00 

74.968 

73,00 

810.274 

123,00 

24.00 

81.911 

74.00 

834.355 

124.00 

25,00 

89.152 

75.00 

858.866 

125,00 

26,00 

96.693 

76.00 

883,808 

126.00 

27,00 

104 , 535 

77.00 

909,186 

127.00 

23,00 

H‘^,679 

78,. 00 

935.003 

128,00 

29.00 

121.125 

79.00 

961.262 

129.00 

30,00 

129.374 

80,00 

987,967 

130,00 

31.00 

138.926 

81,00 

1015.121 

131.00 

32.00 

148.281 

82.00 

1042.728 

132,00 

33,00 

157.939 

83.00 

1070.791 

133.00 

34,00 

16 6.897 

84,00 

1099.314 

134.00 

35.00 

179.156 

85.00 

1128.299 

135.00 

36,00 

188,712 

86,00 

1157.751 

136.00 

37.00 

199.562 

87,00 

1107.672 

137.00 

38,00 

210.704 

88.00 

1218.067 

138.00 

39,00 

222.099. 

89.00 

1243.985 

139.00 

40.00 

293.644 

90.00 

1279,038 

140,00 

41,00 

249,502 

91,00 

1309,104 

141,00 

'42,00 

257.674 

92,00 

1339.132 

142.00 

43,00 

270.166 

93.00 

1369.270 

143,00 

.44,00 

282.981 

94,00 

1399.369 

144.00 

45.00 

296.121 

95,00 

1429.477 

145.00 

46,00 

309.591 

96,00 

1459.595 

146,00 

47.00 

32-3, 393 

97,00 

1489.722 

147.00 . 

48.00 

337.532 

95,00 

I5i9.857 

148.00 

49,00 

352.010 

99.00 

1550,000 

149.00 

50,00 

366,831 

100,00 

1580.150 

150,00 
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VOLUME 

(FT3) 

1610.300 
1640.472 
1670 , 642 

1700.. 810 

1730.. 999 
.1761,186 
1791,377 
1821.572 
1851.771 
1881.974 
1912,1.80' 
1942,369 
1972,601 

2002,815, 
2033.032 
2063.250 
2093,470 
21-23. 692 
215,3,915 
2184,139 
-2214,364 
2244.589- 
2274.816 
2305,042 
2335.269 
2365.495 
2395.722 
2425.948 

2456. 174 
2486.399 
2516,624 
2546,849 
2577.072 
2607,295 
2637,516 
2667,737 
2697,957 

2728.175 
2758.392 
2788.609 
2818,823. 
2849,037 
2879,249 
2909.460 

2939., 669 
2969.878 
3000 . 084' 
3030,290 
3060,494 

3090,696 
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TABLE AP 6-6' (Sheet 2' of 3) 

SATURN S-IVB-205 VOLUME VERSUS HEIGHT LH2 TANK - 
GROUND LOADING CONDITION 


HEIGHT 

VOLUME 

HEIGHT 

VOLUME 

HEIGHT 

(IN.) 

(FT3) 

(IN.) 

(FT3) 

(IN.) 

151,00 

3120.897 

201.00 

4629.579 

251,00 

152.00 

3151.097 

202.00 

4659,729 

252 ,00 

153,00 

3181.295 

203.00 

4689.878 

253,00 

154 ,00 

3211.492 

204.00 

47?.0.G26 

254.00 

156,00 

3241.688 

205,00 

4750.173 

255.00 

15fa,00 

3271.862 

206.00 

4780,318 

256.00 

157,00 

3302.075 

207,00 

4810.461 

257.00 

158,00 

3332.267 

208.00 

4840.603 

258.00 

159,00 

3362.457 

209.00 

4870.743 

259,00 

160,00 

3392.646 

210,00 

4900.882 

260.00 

161,00 

3422.834 

211.00 

4931.019 

261.00 

162,00 

3453.021 

212,00 

4961.153 

262.00 

163,00 

3483.206 

213,00 

4991,286 

263.00 

164.00 

3515.391 

214.00 

5021,417 

264.00 

165.00 

3543.574 

215.00 

5051.546 

265.00 

166,00 

3573.756 

216,00 

5081.672 

266,00 

167,00 

3603.937 

217.00 

5 I ll • 796 

2o7 ,00 

168.00 

363^^ .117 

218.00 

5141.918 

268.00 

169,00 

3664 . 296 

219,00 

5172,037 

269.00 

170,00 

3694.474 

220.00 

5202.153 

270,00 

171,00 

3724.651 

221.00 

5232.267 

271.00 

172,00 

3754.827 

222,00 

5262.378 

272.00 

173.00 

3785.003 

223,00 

5292.485 

273.00 

174,00 

3815,177 

224.00 

5322.590 

274.00 

175,00 

3846,350 

225.00 

5352.691 

275,00 

176.00 

3875.523 

226,00 

5332.789 

276,00 

177,00 

3905.695 

227,00 

5412.883 

277,00 

176,00 

3935.866 

228,00 

5442,974 

278.00 

179,00 

3966.036 

229,00 

5473,061 

279.00 

180,00 

3996.205 

230,00 

5503.144 

280,00 

181,00 

4026.374 

231,00 

5533,224 

281.00 

182,00 

4050,542 

232.00 

5563.299 

282,00 

183,00 

4066.709 

233,-00 

55g3..370 

283.00 

184.00 

4116.875 

234.00 

5623.437 

284.00 

185,00 

4147.041 

235.00 

5653.499 

285.00 

186.00 

4177.205 

236,00 

5683.557 

286.00 

187,00 

4207.370 

237.00 

5713.610 

287.00 

188,00 

4237.533 

238.00 

5743,658 

286,00 

1'89,00 

426^.695 

239,00 

5773.701 

289,00 

190-,00 

4297,857 

240,00 

" 5803.740 

290.00 

191,00 

4326.018 

241,00 

5833.773 

291,00 

192.00 

4358.179 

242,00 

5863.801 

292.00 

193.00 

43«a,338 

243,00 

5&93,824 

' 293.00 

194,00 

4413,496 

244,00 

5923.84-1 

294.00 

195,00 

4448,654 

245.00 

5953,852 

295,00 

196,00 

447«J.811 

246,00 

5903.858 

296.00 

197.00 

4508.966 

247,00 

6013.859 

297,00 . 

198,00 

4539.121 

248.00 

6043.853 

298,00 

199,00 

4569.275 

249,00 

6073.842 

299,00 

200.00 

459g,427 

250.00 

6103.825 

300,00 
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VOLUME 

(FT3) 

6133.802 

6J&3.773 

6193.737 

6223,696 

6253,648 

6283.595 

6313,535 

6343,469 

6373,397 

6403,319 

6433.234 

6463,144 

6493,048 

6522,945 

6552,837 

6582,723 

6612,604 

6642,479 

6672.349 

6702.213 

6732.073 

6761,926 

6791.779 

6621,625 

6851.467 

6881,305 

6911,140 

6940.972 
6970.801 
7000,628 
7030,453 
7060.277 
7090.099 
7119,921 
7149,744 
7179,566 
7209,390 
7239.216 
7269.044 
7298,875 
7328.710 
7358.550 
7388.395 
7418,247 
7448,105 

7477.972 
7507.848 
7537,734 
7567,631 
7597,540 
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TABLE AP 6-6 (Sheet 3 of 3) 

SATURN S-IVB-205 VOLUME VERSUS HEIGHT LH2 TANK. - 
GROUND LOADING CONDITION 


HEIGHT 

VOLUME 

HEIGHT 

(IN.) 

(FT3) 

(IN.) 

301. UO 

7627.462 

347.00 

302,00 

7657.399 

348,00 

303,-00 

7687.352 

349,00 

304,00 

7717.321 

350.00 

30b, 00 

7747,309 

351,00 

306,00 

7777,317 

352,00 

307,00 

7807.346 

353.00 

308.00 

7837.398 

354,00 

309,00 

7863.502 

355,00 

310.00 

7894.107 

356,00 

3U .00 

7924,673 

357,00 

312,00 

7965.197 

358.00' 

313,00 

7985.677 

359.00 

314,00 

8016.112 

360,00 

315.00 

8046,497 

361,00 

316 1 00 

807(^.831 

362.00 

317,00 

8107.111 

363,00 

318.00 

8137.334 

364.00 

319.00 

816'. 499 

355.00 

320,00 

8197,602 

366,00. 

321.00 

8227,642 

367.00 

322.00 

8257,614 

368.00 

323.00 

8287.518 

369.00 

324,00 

8317.349 

370,00 

325,00 

8347,106 

371.00 

326,00 

8376,786 

372,00 

327,00 

8406.386 

373.00 

328,00 

8435.903 

374.00 

329,00 

8465.335 

375,00 

330.00 

84'94,678 

376.00 

331,00 

8526.931 

377.00 

332,00 

8553.089 

378.00 

333,00 

8582.152 

379,00 

334.00 

3611,114 

380.00 

335.00 

3539,975 

301,00 

336.00 

8668,730 

382.00 

337.00 

8697.377 

383,00 

338,00 

8725.913 

384,00 

339.00 

8754.335 

385.00 

340.00 

8782.639 

386,00 

341,00 

8810.824 

387,00 

342,00 

8333.886 

388,00 

343,00 

8396.821 

389.00 

344,00 

8894.623 

390.00 

345,00 

8922.302 

391,00- 

346,00 

8949.840 



VOLUME 

HEIGHT 

VOLUME 

(FT3) 

(IN.) 

(FT3) 

8977,240 

392.00 

10011,595 

9004.499 

393.00 

10028.839 

9031.612 

394.00 

10045.771 

9058.577 

395.00 

10062,387 

9085.392 

396.00 

10076,683 

9112.051 

397.00 

10094,654 

9138,553 

398.00 

10110,296 

9164.893 

399,00 

10125,606 

9191.070 

400,00 

10140,577 

9217.078 

401.00 

10155.207 

9242,915 

402,00 

10169,490 

9268,578 

403,00 

10183,422 

9294,063 

404.00 

10196,999 

9319.366 

405.00 

10210,216 

9344.485 

406,00 

10223.069 

9369.415 

407,00 

10235,552 

9394,153 

408,00 

10247,662 

9418.697 

409.00 

10259,394 

9443.041 

410.00 

10270.744 

9467.-183 

411,-00 

10281,706 

94gl,119 

412.00 

10292.276 

95i4,846 

413.00 

10302,450 

9538.359 

414,00 

1031-2,222 

9561,655 

415.00 

10321,588 

9504.730 

416.00 

10330,543 

9607,581 

417,-00 

10339,082 

9630,205 

418,00 

10347,201 

9652.596 

419.00 

10354,895 

9674,753 

420,00 

10362 ..158 

9696.669 

421,00 

10368,986 

9718,342 

422,00 

10375,374 

9739.769 

423.00 

10381.317 

9760,945 

424.00 

10386,811 

9781,866 

425.00 

10391.848 

9802,528 

426.00 

10396,427 

9822,927 

427.00 

10400.540 

9843,060 

428.00 

10404,183 

9862,923 

429.00 

10407,352 

9802,511 

430,00 

10410,039 

9901.820 

431.00 

10412.241 

9920,346 

432.00 

10413.953 

9939.586 

433,00 

10415,169 

9958,035 

434,00 

10415,884 

9976.189 

435,00 

10416,093 

9994,043 

436.00 

104l6, 302 
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LIQUID LEVEL (IN.) 



100 200 300 400 500 600 

FLIGHT TIME (SEC) 

Figure AP 6-1. Predicted S-IVB '205 Stage LOX Propellant Level History 
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LIQUID LEVEL (IN.) 



Figure AP 6-2. Predicted S-IVB 205 Stage LH2 Propellant Level History 
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LNF.LIGHT TANK GEOMETRY CHANGE CORRECTION (LBM) 
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Figure AP 6-3. Predicted S-IVB-205 Stage Indicated PU Mass Correction due to 
Inflight Tank Geometry Change (Sheet 1 of 2) 
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Figure AP 6-3. Predicted S-IVB-205 Stage Indicated PU Mass Correction due to 
Inflight Tank Geometry Change (Sheet 2 of 2) 
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Figure AP 6-4. Predicted S-IVB-Z05 Stage PU Mass Sensor Correction due to 
Center-of- Gravity Offset (Sheet 2 of 2) 




Figure AP 6-4. Predicted S-IVB-205 Stage PU Mass Sensor Correction due to 
Center-of-Gravity Offset (Sheet 1 of 2) 
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Figure AP 6-5. Predicted S-lVB-205 Stage Total Flight Sensor Mass Correction 
as Determined by the Volumetric Method (Sheet 1 of 2) 
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LH2 TOTAL FLIGHT PU CORRECTION (LBM) 








Figure AP 6-6. Predicted Total Flight Tank-to-Sensor Mismatch as Determined by the 
Flow Integral Method {Sheet 1 of 2) 
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Figure AP 6-6. 


Predicted Total Flight Tank-to-Sensor Mismatch as Determined by the 
Flow Integral Method (Sheet 2 of 2) 
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Figure AP 6-7. Predicted S-IVB-205 Stage Total Flight Sensor Mass as Determined by the 
Volumetric Nonlinearity and Flov; Integral Methods (Sheet 1 of 2) 
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Figure AP 6-7. Predicted S-IVB-205 Stage Total Flight Sensor Mass Probe Nonlinearity 

as Determined by the Volumetric and Flow Integral Methods {Sheet 2 of 2) 





Figure AP 6-9. APS Fuel Loading Requirements 







APPENDIX 7 


PREDICTED SEPARATION AND CONTROL PERFORMANCE 


7. PREDICTED SEPARATION AND CONTROL PERFORMANCE 

7.1 Predicted Control System Transient Simulation 

Body attitude transients of varying magnitude are expected following 
S-IB/S-IVB separation, guidance initiation and introduction of the 
Chi Tilde (y) guidance mode. The results of simulations for nominal 
control system transients expected during these periods of flight are 
included in this section. Flight control parameters presented include 
pitch and yaw attitude errors (figures AP 7-1 and AP 7-2) , vehicle 
angular rates (figure AP 7-3) and engine deflections (figure AP 7-4). 

LOX and LH2 predicted sloshing frequencies during powered flight are 
shown in figure AP 7-5. 

7.2 Predicted Stage Separation 

The predicted stage separation history is given in figure AP 7-6 and 
the probability of lateral displacement exceeding a specified valve is 
given in figure AP 7-7. 
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PREDICTED PITCH ATTITUDE ERROR (DEG) 



Figure AP 7-1. Predicted Pitch Attitude Error During Pov/ered Flight 
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PREDICTED YAW ATTITUDE ERROR (DEG) 
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Figur© AP 7-2. Predicted Yaw Attitude Error During Powered Flight 
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PREDICTED PITCH AND YAW BODY RATES { DEG/SEC) 



Figure AP 7-3. Predicted Pitch and Yaw Body Rates During Powered Flight 
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PREDICTED PITCH AND YAW ACTUATOR POSITION (DEG) 


Figure AP 7-4. Predicted Pitch and Yaw Actuator Positions During Powered Flight 
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SEPARATION DISTANCE (IN.) 



Figure AP 7-6. AS-205 S-IB/S-IVB Predicted Separation History 
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PROBABILITY OF EXCEEDING LATERAL DISPLACENENT 





APPENDIX 8 


ADDITIONAL PREDICTED PERFORMANCE DATA 


8. ADDITIONAL PREDICTED PERFORMANCE DATA 

This appendix presents additional predicted performance data and design 
performance levels. 

Figure AP 8~1 presents predicted S-IVB-205 hydraulic system operating 
levels, which are based upon acceptance firing data. 

Figures AP 8-2 and AP 8-3 are the predicted profiles of battery currents, 
voltages and temperatures. These predictions are based on data from 
vehicles 501, 502 and 204 and the 205 mission timeline. Figures AP 8-4 
through AP 8-6 are predicted profiles of PU parameters (voltage, 
frequency and temperature) based on the 205 mission timeline and data 
from vehicles 501, 502 and 204. 

The predicted envelopes of composite vibration levels for the S-IVB-205 
engine are given in figure AP 8-7. 

The data acquisition system performance levels include the following: 
a. Radio Frequency (RF) 

(1) The signal strengths received at the ground station are 
greater than threshold whenever the stage is at a positive 
elevation relative to the ground station horizon. 

(2) The output of all RF amplifiers shall be 15 watts minimum 
under all operative and environmental conditions. 

(3) The voltage standing wave ratio (VSWR) as computed from 
foCTJard and reflected power shall not exceed 1.7:1. 
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HYDRAULIC SYSTEM AND ACCUMULATOR GN2 (1000 PSIA) 


00 

[ 

ro 



TIME FROM LIFTOFF (SEC) 


Figure AP 8-1. Predicted S-IVB-205 Hydraulic Operating Limits 
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Figure AP 8-2. Predicted Battery Load Profiles' (Sheet 1 of 2) 
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Figure AP 8-2. Predicted Battery Load Profiles (Sheet 2 of 2) 
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Figure AP 8-3. Predicted Battery Temperatures 
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Figure AP 8-4. Predicted PU Inverter Voltages 
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Figure AP 8-5. Predicted PU Inverter Frequency 
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Figure AP 8-6. Predicted PU Assembly Internal Temperature 





Figure AP 8-7, Predicted Envelopes of Composite Vibration Levels for S-IVB-205 
Engine During Flight 
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RADIO FREQUENCY ALLOCATION 


The following radio frequencies are used for S—IVB telemetry and range 
safety transnii t ters : 


USAGE 

FREQUENCY 

PCM/FM 

Secure Range Safety 

258.5 MHz 
450.0 MHz 
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GLOSSARY AND ABBREVIATIONS 


TABLE AP 10-1 (Sheet 1 of 9) 
GLOSSARY AND ABBREVIATIONS 


ABBREVIATION TERM 


DEFINITION 


AA89 

AACS 

AB77 

AB79 

ac 

AC77 

AGO 

amp 

ANT 

APS 

ARIA 

AS 

ASC 


BDA 

eg 

GIF 

CMR 


Designation of MDAC-WD propulsion 
system performance computer program 

Auxiliary attitude control system 

Designation of MDAC-WD S-IB trajectory 
simulation computer program 

Designation of MDAC-WD Saturn S-IVB 
radar look angle computer program 

Alternating current 

Designation of MDAC-WD S-IVB trajectory 
simulation computer program 

Apollo guidance computer 

Ampere 

Air Force Eastern Test Range on 
Antigua Island 

Auxiliary propulsion system 

Apollo Range Instrumentation Ship 

Apollo Saturn 

Air Force Eastern Test Range on 
Ascension Island 


Average Misture ratio The time average of the propellant 

mixture ratio over 1-sec time intervals 
between 90 percent thrust buildup and 
Engine Cutoff Command 

Average thrust or Determined between the time of 

specific impulse 90 percent thrust and Engine Cutoff 

Command 

— Bermuda 


Composite data 
(acoustic and 
vibration) 


Center of gravity 

Central Instrumentation Facility 

Coarse mass ratio 

The total energy of the oxcillatory 
phenomenon, consisting of all 
frequencies and amplitudes sensed by 
the transducers , and represents the 
phenomenon at the point of measurement 
within the limitations of the data 
acquisition and reduction systems 
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TABLE AP 10-1 (Sheet 2 of 9) 
GLOSSARY AND ABBREVIATIONS 


ABBREVIATION TEEM 

°C 

cont ■ — 

cps — 

CP IF 

CRO 

CYI 

db 

DCS 

deg 

dc — 

— Depletion Engine 

Cutoff Command 


DDAS 

— 

DOD 

— 

DPS 

— 

DRSCR , 

— 

EBW 

— 

ECC 

— 

ECS 

— 

EDS 

— 

— 

Effective burntime 

EMR 

Engine Propellant 
misture ratio 

eng 

— 


Engine cutoff 
(applicable for 
original issue of 
flight test plans 
only) 


DEFINITION 

Degree Centigrade 
Control 

Cycles per second 
Cost plus Incentive fee 
Carnarvon, Australia 
Grand Canary Island 
Decibel 

Digital command system 
Degree 

Direct current 

The time that engine cutoff was, or 
would be, initiated by the depletion 
level sensors 

Digital data acquisition system 

Department of Defense 

Descent propulsion system 

Digital range safety command receiver 

Exploding bridgewire 

Engine Cutoff Command 

Environmental control system 

Emergency detection system 

The engine burntime from 90 percent 
thrust buildup to Engine Cutoff Command 

The ratio of engine LOX mass flowrate 
to LH2 mass flowrate. Includes gas 
generator operations 

Engine 

The guidance cutoff time referred to 
in this issue of the test plan is 
intended to be a representative event 
time and should not be construed as 
the MDAC-WD predicted guidance cutoff 
time. The MDAC-Xffi) predicted guidance 
cutoff time is undetermined at this 
date due to lack of trajectory 
information. 
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TABLE AP 10-1 (Sheet 3 of 9) 
GLOSSARY AND ABBREVIATIONS 


ABBRAVIATION TERM 

— Engine cutoff 

transient 

ESC 

Engine start transient 


— Engine steady-state 
operation 

ETD 

°F 

— Flow integral propel- 
lant mass history 

FD&C 

FEWG 

FM 

FPR Flight performance 

reserve 

ft 

FTC 

g Gravitational 

acceleration 


GBI 

GCC 

GG 

GH2 

GHe 

GN2 

GOX 


DEFINITION 

Engine operation during the period 
from the Engine Cutoff Command until 
the end of thrust decay 

Engine Start Command 

Engine operation during the period from 
the Engine Start Command until the time 
of 90 percent thrust (approximately a 
3-sec period) 

Engine operation during the period 
from the time of 90 percent thrust 
until Engine Cutoff Command 

End of thrust decay 

Degree fahrenheit 

That propellant mass history determined 
by combining independent engine 
analyses by a statistical method 

Flight Dynamics and Control 

Flight Evaluation Working Group 

Frequency modulation 

Usable mass onboard at predicted 
guidance cutoff 

Foot 

Florida Test Center 

The acceleration produced by the force 
of gravity, which varies with the alti- 
tude and elevation of the point of ^ 
observation. The value 32,1739 ft/sec 
has been chosen as the standard by 
international agreement for sea level 
at 45“ north latitude 

Grand Bahama Island 

Guidance Cutoff Command 

Gas generator 

Gaseous hydrogen 

Gaseous helium 

Gaseous nitrogen 

Gaseous oxygen 
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TABLE AP 10-1 CSheet 4 of 9) 
GLOSSARY AND ABBREVIATIONS 


ABBRAVIATION 

TERM 

DEFINITION 

gpm 


Gallons per minute 

GRR 

— 

Guidance reference release 

GSE 

— 

Ground support equipment 

GSFC 

— 

Goddard Space Flight Center, 
Greenbelt, Maryland 

GYM 

— 

Guaymas 

GWM 

— 

Guam 

h 

— 

Altitude 

HAW 

— 

Hawaii 

HB 

— 

Huntington Beach, California 

He 

— 

Helium 

HOSC 

— 

Huntsville Operations Support Center 

hr 

— 

Hour 

IAS 

— 

Initiation of automatic sequence 

lECO 

— 

S-IB stage Inboard Engine Cutoff 
Command 

IGM 

— 

Iterative guidance mode 

in. 

— 

Inch 

IP&CL 

— 

Instrumentation Program and Components 
List 

I 

sp 

— 

Specific impulse 

lU 

Instrument Unit 

That portion of the launch vehicle 
between the S-IB stage and the LM 
adapter. This section contains the 
launch vehicle digital computer 

kc 

— 

Kilocycles 

km 

— 

Kilometer 

KSC 

— 

Kennedy Space Center 

Ibf 

— 

Pounds force 

Ibm 

Pounds mass 

1/32.1739 slug 

L/C 

— 

Loading computer 

LH2 

— 

Liquid hydrogen 

LM 

— 

Lunar Module 
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TABLE AP 10-1 (Sheet 5 of 9) 
GLOSSARY AND ABBREVIATIONS 


ABBREVIATION 

TERM 

DEFINITION 

LOX 

— 

Liquid oxygen 

LV 

— 

Launch vehicle 

LVDC 

— 

Launch Vehicle Digital Computer 

m 

— 

Mach number 

Me 

— 

Megacycles 

MCC-H 

— 

Mission Control Center-Houston 

MDAC-WD 

— 

McDonnell Douglas Astronautics 
Company-Western Division 

MDAC-WD/FTC 


McDonnell Douglas Astronautics 

Comp any-Wes tern Division/ Florida Test 

Center 

MDAC-WD /HB 


McDonnell Douglas Astronautics 
Company-Western Division/ Huntington 
Beach 

MDAC-WD /MSEC 

■■ 

McDonnell Douglas Astronautics 
Company-Western Division/Marshall 
Space Flight Center 

MDAC-WD /STC 


McDonnell Douglas Astronautics 
Company-Western Division/ Sacramento 
Test Center 

MER 

— 

Mercury (Ship) 

Mod 

— 

Module 

min 

— 

Minute 

M/S 

— 

Mainstage 

MSC 

— 

Manned Spacecraft Center, Houston, 
Texas 

MSF 

— 

Manned space flight 

MSFC 

— 

Marshall Space Flight Center 

MSFC /MDAC-WD 


Marshall Space Flight Center/ 
McDonnell Douglas Astronautics 
Company - Western Division 

MSS 

— 

Mobile service structure 

N/A 

— 

Not applicable 

NASA 


National Aeronautics and Space 
Administration 

NC 

— 

Normally closed 
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TABLE AP .10-1 (Sheet 6 of 9) 
GLOSSARY AND ABBREVIATIONS 


ABBREVIATION 


nmi 

NO 

No. 

NPSP 

OECO 

OVRD 

PAM 

PCM 

PD 

Pf 

PMR 


psia 

paid 

psig 

PTCS 

PU 


TERM 


DEFINITION 


Ninety percent thrust Time from Engine Start Command until 
buildup the last engine chamber pressure 

(injector end) reaches 618 psia 

— Nautical mile 

— Normally open 

— Number 

— Net positive suction pressure 

-- S-IB or S-IG stage Outboard Engine 

Cutoff Command 

Override 

— Pulse amplitude modulation 

Payload All portions of the vehicle above the 

S-IVB/IU 

Pulse code modulation 


Programmed mixture 
ratio 


Propellant residuals 


PU system propellant 
mass history 


Propellant dispersion 
Capacitance 

A method of controlling the PU valve 
mixture ratio to obtain maximum 
efficiency of the stage. The propel- 
lant loading is provided to cause the 
PU system to command the PU valve 
against the LOX rich stop for the 
initial portion of flight and then 
decrease to a lower mixture ratio 
during the final portion of flight 

The sum of LOX and LH2 remaining on- 
board at Engine Cutoff Command. The 
residuals include both usable and 
trapped propellants 

Pounds per square inch absolute 

Pounds per square inch differential 

Pounds per square inch gauge 

Propellant tanking computer system 

Propellant utilization 

That propellant mass history determined 
for flight by the PU system 
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GLOSSARY AND ABBREVIATIONS 


ABBREVIATION TEEM 

— PU system residuals 

q 

°R 

RAGS 

RED 

RF 

rms — 

RMR c- 

rpm — 

S 

SA 

SC Spacecraft 

SCO — 

sec — 

S-IB Saturn IB 

S-IVB 

SLA 

SLG 

SLF 

Slug 

SOV 

SSB/FM 

SSB 

SSS Stage switch selector 

STC 

t 


DEFINITION 

Those propellant residuals above the 
main propellant valves determined by 
the PU system 

Dynamic pressure 

Degree rankine 

Remote automatic calibration system 

Redstone 

Radio frequency 

Root mean square 

Reference misture ratio 

Revolutions per minute 

Surface range (ft) 

System address (digital up-data system) 

Includes Apollo command and service 
module and LM adapter 

Sub-carrier oscillator 

Second 

First stage of the- Saturn IB (200) 
series of vehicles 

Second stage of the Saturn IB (200) 
series of vehicles and third stage of 
the Saturn V (500) series of vehicles 

Spacecraft LM adapter 

Slug 

Slug feet squared 
Engine system unit of mass 
-Shutoff valve 
Single sideband modulation 
Single sideband 

The switch activated by the LVDC which 
initiated an event 

Sacramento Test Center 

Time 
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GLOSSARY AND ABBREVIATIONS 


ABBREVIATION 


TBl 

TB2 

TB3 

TB4 

TAN 

TBD 

TEX 

T/M 

TWX 


TP&E 


TERM 


DEFINITION 


Total depletion 
burnt ime 


Total propellants 
consumed 


Total stage burntime 


Total stage mass 
history 


Countdown time from prospective lift- 
off or as specifically defined in the 
test 

Time base No. 1: Initiated at liftoff 

by umbilical disconnect 

Time base No. 2: Initiated by S-IB 

low level sensor dry signal 

Time base No. 3; Initiated by the 
S-IB outboard engines cutoff 

Time base No. 4: Initiated at S-IVB 

engine cutoff 

Tananarive, Malagasy 

To be determined 

Corpus Christi, Texas 

Telemetry 

Teletype 

The engine burntime from Engine Start 
Command to the time that the depletion 
Engine Cutoff Command would have been 
initiated 

That amount of liquid propellants 
consumed from Engine Start Command to 
Engine Cutoff Command. Includes 
engine consumption, boiloff, and LH2 
tank pressurant 

The engine burntime from Engine Start 
Command to Engine Cutoff Command 

A compilation of all final hardware, 
propellant, and gas masses- The 
measured and computed mass of each 
constituent is adjusted within its 
accuracy band so that the total stage 
mass at Engine Start Command and Engine 
Cutoff Command agrees with the total 
stage mass as determined by the 
Statistical Weighted Average mass 
determination method 

Test Planning and Evaluation 
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ABBREVIATION TERM 

— , Unusable propellants 


Usable residuals 


V 



VAB 

VAN 


vco 

vac 

VCL 

vdc 

VSWR 

WHS 


DEFINITION 

Those propellant remaining after a 
propellant depletion cutoff . This 
includes the propellants in the tank 
below the depletion sensor, propellants 
in the feed duct, and trapped propel- 
lants. It does not include sensor lag 
time or the propellant consumed during 
engine cutoff but does include sensor 
time delay 

Propellants in excess of trapped 
propellants left onboard a stage after 
powered flight has been terminated by 
some specified cutoff criteria 

Volt 

Earth-fixed velocity 
Inerital velocity 

Vehicle Assembly Building, KSC, Florida 
Vanguard 

Voltage controlled oscillator 
Voltage, alternating current 
Vertical checkout laboratory 
Voltage, direct current 
Voltage standing wave ratio 
White Sands 
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APPENDIX 11 


REFERENCES 


11. REFERENCES 


The following listed documents are referenced in the text: 

(1) Flight Mission Directive for Apollo Saturn IB Missions 

Revision 1, (prepared by Saturn I/IB Program Office) , 

Marshall Space Flight Center, Huntsville, Alabama, dated 
15 August 1968. 

(2) Apollo Flight Mission Assignments (U) , (prepared by Office 
of Manned Space Flight, Apollo Program) , M-D MA500-11, 

SE 010-000-1, Washington, D. C., dated June, 1968. 

(3) Apollo-Saturn IB Program Support Requirements, , (prepared by 
Office of Manned Space Flight, Apollo Program), Revision 

. No. 33, Washington, D. C., dated 9 February 1968. 

(4) S-IVB-205 Stage End Item Test Plan, IB62934D, Huntington Beach, 
California, dated 6 October 1967. 

(5) Apollo Saturn IB Launch Mission Rules (Preliminary) 

(SA-205 CSM-101) K-lB-02.10/5 (prepared by NASA/KSC) dated 
14 June 1968. 

(6) Saturn S-IVB-205 Instrumentation Program and Components List, 
1B43558AE, Huntington Beach, California, dated 20 August 1968. 

(7) Douglas S-IVB Stage Data Acquisition Requirements Document for 
Saturn IB Flights, SM-46538C (prepared by Saturn Data Engineering 
Section) Huntington Beach, California, dated June, 1968. 

(8) S-IVB-205 Stage Flight Test Plan, Douglas Report SM-46978, 
dated September, 1968. 

(9) S-IVB-205 Stage Technical Performance Criteria Document , 

Douglas Report DAC— 56671, dated June, 1968. 

(10) FTC Preliminary Flight Evaluation Report , (prepared by MDAC-WD, 
Florida Test Center, TP&E Committee) , report number and date to 
be determined. 

(11) S-IVB-205 Stage Flight Evaluation Report , Douglas Report 
SM-46990 (publication date to be determined) . 
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(12) Definition of Saturn SA-205 Flight Sequence Program 
Interface Control Document No. 40M33605B, (prepared by Airborne 
Electrical Systems Branch, Astrionics Laboratory), Marshall 
Space Flight Center, Huntsville, Alabama, dated 4 April 1966 
(Revision B, dated 2 August 1968) . 

(13) Interface Revision Notices against Reference (1), IRN 27, 

19 August 1968. 

(14) Tracking and Communications for the AS-205/CSM 101 Operational 
Trajectory, Marshall Space Flight Center Memorandum No. 
R-AEKO-FT-20-68, dated 28 May 1968. 

(15) S-IVB/CSM Orbital Attitude Timeline and Vent Schedule -for the 
AS-205 Revision D, Marshall Space Flight Center Document No. 
80M92051, dated 8 July 1968. 

(16) Project Apollo Coordinate Standards, Standard Coordinate System 9, 
Mass Properties SE 008-001-1, (prepared by Office of Manned Space 
Flight), Washington, D. C., dated June, 1965. 

(17) SA— 205/CSM-101 Launch Vehicle Ground Support Plan, 

No. l-MO-8-68, prepared by NASA Mission Operations), Marshall 
Space Flight Center, Huntsville, Alabama, dated April, 1968. 
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